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PART    THE    FOURTH. 
CONCERNING    VEGETABLE   SUBSTANCES* 


INTRODUCTION. 

THE  mineral  bodies  upon  which  we  have 
hitherto  treated,  poflefs  no  life,  or  vital 
principle,  properly  fpeaking ;  neither  do  they 
exhibit  any  phenomena  dependant  upon  inter- 
nal organization.  The  cryftallization  affected 
by  fubflances  of  this  kingdom,  appears  to  be 
exceedingly  different  from  the  organization  of 
Vol.  III.  B  living 
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living  beings.  It  produces  no  advantage  to  thdS 
individual ;  and  at  moll  ferves  only  to  "prove 
the  great  harmony  of  nature,  which  marks  its 
leveral  productions  with  conflant  and  invariable 
forms.  But  the  organization  of  vegetable  and 
animal  beings  difpofes  thofe  bodies  in  fuch  a 
manner  as  is  reflectively  the  moil  proper  to 
accomplim  the  two  final  purpofes  of  nature  ; 
namely,  the  fubfiflence  and  reproduction  of  the 
individual  *. 

It  cannot  be  denied  that  vegetables  are. en- 
dued with  a  principle  of  irritability,  which  de- 
velops in  them  both  fenfation  and  motion  : 
the  motion  is  fo  evident  in  certain  plants^  that 
it  may  be  produced  at  pleafure,  as  in  the  fenfi- 
*tive  plant,  the  flamina  of  the  opuntia,  &c.  The- 
plants  which  follow  the  courfe  of  the  fun ;  thofe 
which  in  hot-houfes  incline  towards  the  aper- 
tures that  admit  the  light ;  other  plants  which 
contract  and  fbut  up  by  the  puncture  of  an  in- 
fect;  thofe  whofe  roots  turn  out  of  their  direct  or 
original  courfe  to  plunge  themfelves  into  a  fa- 
vourable foilj  or  water — have  not  thefe  a  degree 
of  fenfation  of  touch  which  may  be  compared  to 

*  For  the  development  of  thefe  principles,  fee  La  Thefe 
fur  1' Analyfe  Vegetal,  fupported  at  the  fchools  of  Montpellier 
by  my  fchoiar  and  friend,  M,  Riche, 

the 
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the  fenfibility  of  animals  ?  The  difference  of 
the  fecretions  in  various  organs,  fuppofes  a 
difference  in  the  irritability  of  each  refpective 
part. 

The  reproduction  of  vegetables  is  effected 
in  the  fame  manner  as  that  of  animals;  and 
modern  botanifts  have  fupported  the  comparifon 
between  thefe  two  functions  in  the  moft  happy 
and  concluflve  manner. 

Vegetables  are  nourifhed  with  air  in  the 
fame  manner  as  infects.  This  aliment  is  even 
of  indifpenfable  neceflity,  for  without  it  the 
plant  at  lafr  pcrifhes ;  though  the  air  which  this 
order  of  beings  requires,  is  neither  of  the  fame 
purity  nor  of  the  fame  kind. 

The  great  difference  which  exifts  between 
vegetables  and  animals  is,  that  the  latter  in  ge- 
neral are  capable  of  conveying  themfelves  from 
place  to  place,  in  fearch  of  nouriihment; 
whereas  vegetables,  being  fixed  in  the  fame 
place,  are  obliged  to  take  up  in  their  own  vici- 
nity all  fach  matters  as  are  capable  of  nourish- 
ing them :  and  nature  has  provided  them  with 
leaves,  to  extract  from  the  atmofphere  the  air 
and  water  of  which  they  have  need  ;  while  their 
roots  extend  to  a  diftance  in  the  earth,  to  take 
firm  hold,  as  well  as  to  receive  other  nutritive 
principles. 

B2  if 
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If  we  attend  more  minutely  to  the  character 
of  animals,  we  fhall  perceive  that  nature  de- 
fcends  by  imperceptible  degrees  .from  animals  of 
the  mod  complicated  organization  to  vege- 
tables ;  and  we  fhall  find  it  difficult  to  deter- 
i 

mine  where  one  kingdom  terminates,  and  the 
other  begins.-  Chemical  analyfis  is  capable  of 
marking  the  limits  between  theie  kingdoms  in 
an  imperfect  manner.  For  a  long  time  it  was 
pretended  that  animal  fubftances  poffeffed  the 
cxclulive  property  of  affording  ammoniac,  or  the 
volatile  alkali ;  but  it  is  at  prefent  well  known 
that  certain  plants  likewife  afford  it.  We  may 
in  flrictnefs  confider  a  vegetable  as  a  being 
that  participates  in  the  laws  of  animal  life,  but 
in  a  lefs  degree  than  the  animal  itfelf. 

The  difference  which  has  been  eflablifhed 
between  the  vegetable  and  the  mineral  king- 
doms, is  much  more  firiking.  We  may  con- 
fider this  laft  as  a  mafs  deprived  of  organiza- 
tion, and  almoft  in  an  elementary  ftate ;  receiv- 
ing no  modifications  or  changes  but  by  the 
impreffion  of  external  objects  -r  capable  of  enter- 
ing into  combinations  ;  of  changing  its  nature; 
and  of  re-appearing,  or  being  reproduced  with 
its  original  properties,  at  the  pleafure  of  the 
chemift.  The  other  kingdom,  on  the  contrary, 
being  endued  with  a  particular  life,  which  in- 

cefiantly 
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ceflantly  modifies  the  imprefiion  of  external 
objects,  decompofing  them,  and  changing  their 
nature,  exhibits  to  us  a  fcries  of  functions  re- 
gular throughout,  and  almoit  all  of  them  inex- 
plicable :  and  when  the  chemift  has  fucceeded 
in  depriving  thefe  bodies  of  their  organization, 
and  feparating  their  principles^  he  finds  it  be- 
yond his  power  to  reproduce  it  by  any  re-union 
of  the  fame  principles. 

In  the  mineral  kingdom,  we  arc  juftified  in  re- 
ferring all  the  phenomena  to  the  action  of  exter- 
nal bodies;  and  forces  purely  phyfical,  or  thefim- 
^)le  laws  of  affinity,  afford  deductions  fufficient  to 
account  for  all  its  metamorphofes.  In  the  vege- 
table kingdom,  on  the  contrary,  we  are  compel- 
led to  acknowledge  an  internal  force  which  per- 
forms every  thing,  governs  all  the  procefTes,  and 
fubjects  to  its  defigns  thofe  agents  which  have  an 
abfolute  empire  over  the  mineral  kingdom. 

The  mineral  poflcfTes  no  evident  life,  no 
period  which  may  be  confidercd  as  the  term  of  its 
perfection  ;  becaufe  its  various  ftates  are  always 
relative  to  the  purpofes  to  which  we  intend  to 
apply  it.  It  does  not  appear  either  to  grow  or  to 
be  reproduced:  at  mofl:  it  changes  its  form,  but 
never  by  any  internal  determination  ;  this  is  al- 
ways the  mere  phyfical  effect  of  the  action  of  ex- 
ternal objects.  In  thofe  cafes  wherein  the  mine- 
B3  ral 
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ral  exhibits  marks  of  increafe  pr  vegetation,  it 
is  by  the  fucceffive  application  of  limilar  materi- 
als worn  and  tranfported  by  the  waters.  In  thefe 
apparent  vegetations  we  perceive  neither  ela- 
boration nor  defign:  the  law  of  affinities  ever 
prefides  in  thefe  arrangements ;  and  this  law  is 
the  law  of  bodies  void  of  life. 

It  is  not  therefore  furprifing  that  the   che- 
mical analyfis  mould  have  made  lefs  progrefs 
in   the   vegetable   than    in    the  mineral   king- 
dom, for  it  becomes  more  difficult  in  propor- 
tion   as    the  functions    are    complicated  :   and 
in  the  vegetable  kingdom  the  conftituent  parts 
are  more  numerous,  at  the  fame  time  that  they 
are   lefs   eaiily    diftinguifhed   by    charactcriftic 
properties  ;    and   the   methods  of  analyfis   hi- 
therto    employed    are    all   imperfect  ;    not  to 
mention  that  the  proceedings  of  chemifts  have 
likewife   been  conducted  upon   an    erroneous, 
principle. 

All  plants  have  hitherto  been  analyfed  either 
by  fire  pr  by  menftruums.  The  firfl  of  thefe 
methods  is  very  uncertain  ;  for  the  action  of 
lire  decompofes  combined  bodies,  alters  their 
principles,  forms  now  bodies  by  the  combination 
of  thefe  feparate  elements,  and  extracts  nearly 
the  fame  principles  from  very  different  fub- 
flances.  Long  experience  has  fhewn  the  im- 
perfection 


the  l~e get  able  Kingdom.  *] 

perfection  of  this  method.  Meffrs.  Dodart, 
Bourdelin,  Tourncfort,  and  Boulduc  have  dis- 
tilled more  than  fourteen  hundred  plants  ;  and 
it  was  from  the  remits  of  fo  extent! ve  a  work 
that  Hombcrg  deduced  fufricient  reafons  to 
conclude  that  this  method  is  erroneous.  As  a 
proof  of  his  aflertion,  he  quotes  the  analyfis  of 
cabbage  and  hemloc,  which  afforded  the  fame 
principles  by  difiillation. 

The  method  by  mcnftruums  is  fomcwhat 
more  accurate,  becaufe  it  docs  not  change  the 
nature  of  the  produces :  it  has  been  even  of 
greater  advantage  to  medicine,  by  affording 
methods  of  feparating  the  medicinal  principle 
from  certain  vegetables.  It  has  alfo  afforded  its 
afliftance  to  extract  other  principles  in  all  their 
purity,  which  are  ufeful  in  the  arts,  or  for  the 
purpofes  of  life  ;  and  it  ha£  given  us  more  in- 
ftruclion  concerning  the  nature  of  vegetable 
principles.  But  we  cannot  confine  ourfelves  to 
this  fingle  method  in  the  analyfis  of  plants  ;  and 
a  confiderable  fhare  of  genius  is  required  in  the 
chemift,  to  vary  his  procefs  according  to  the 
nature  of  the  vegetable,  and  the  character  of 
the  principle  he  is  defirous  of  extracting. 

A  reproach  of  confiderable  weight  may  be 

urged  againfl  moft  of  the  chemifls  who  have 

written  upon  the  vegetable  analyfis:  it  is,  that 
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they  have  followed  no  order  in  their  proceedings, 
nor  attended  to  any  regular  diflribution  of  tho 
facts.     They  have  confined  themfelves  to  indi- 
cate procefFes  for  extracting  fuch  or  fuch  fub- 
ilances,  without  connecting  the  whole  with  any 
iyftem  founded  either  on  the  methods  of  ope- 
rating, on  the  nature  of  the  products,  or  on  the 
proceedings    followed    by  nature  in    its    own 
operations.     I  confefs  that,  if  a  difquifition  on 
the  vegetable  analyfis  were  to  be  confined  to. 
the  procefTes  neceflary  to  be  known  in  extracting 
the  fevcral  fubftances,  the  fyftem  of  order  and 
of  method  which   I  propofe  would  be  ufelefs : 
but  if  it  be  an  object  to  know  the  operation  of 
nature,   and   to  furvey  the  vegetable  kingdom 
like  a  philofopher,  a  naturalift,  and  a  chemift,  it 
is  neceflary  to  infpect  the  operations  of  nature 
herfelf  among  vegetables,  and  to  follow  as  much 
as  pofiible  a  plan  which  fhall  render  us  acquaint- 
ed  with  the   plant   under   all   thefe   points  of 
view  :  that  which  I  have  adopted  appears  to  me 
to  aniwer  that  purpofe. 

We  (hall  begin  by  exhibiting  a  curfory  ac- 
count of  the  vegetable  itructure,  in  order  that 
we  may  become  better  acquainted  with  the 
connection  between  its  organization  and  the 
principles  which  we  fhall  extract. 

In  the  fecond  place  we  fhall  attend  to  the 

develop- 
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development  and  increafe  of  the  vegetable. 
With  this  intention  we  fhall  (hew  the  various 
principles  which  ferve  for  its  nourifhment ;  and 
we  fhall  follow  their  alterations  in  the  vegetable 
oeconomy,  as  much  as  we  are  enabled  to  do. 
We  fhall  therefore  of  confequcncc  examine  the 
influence  of  the  air,  the  foil,  the  light,  &c. 

In  the  third  place  we  fhall  examine  the  rc- 
fults  of  the  work  of  organization  upon  elemen- 
tary fubftanccs ;  and  for  that  purpofc  we  fhall 
teach  the  method  of  diflingnifhing  the  fcvcral 
conftituent  principles  of  vegetables  :  taking  care 
to  proceed  in  this  examination  according  to 
that  method  which  nature  herfelf  points  out. 

Thus  wc  fhall  begin  with  the  analyfis  of  fucli 
produces  as  we  can  extract  without  deftroying 
the  organization  of  the  plant,  and  which  are 
exhibited  in  a  naked  ftate  by  that  organization ; 
fuch  as  the  mucilage,  the  gums,  the  oils,  the 
rcfins,  the  gum  refins,  &c.  We  fhall  in  the 
next  place  analyfe  fuch  principles  as  cannot  be 
collected  but  by  deftroying  the  organization  of 
the  plant  ;  fuch  as  the  fecula,  the  glutinous  part, 
the  fugar,  the  acids,  the  alkalis,  the  neutral  fait-, 
the  colouring  principles,  the  extractive  matter, 
iron,  gold,  manganefe,  fulphur,  &c. 

We  fhall  likewife  attend  to  the  prolific  hu- 
mours of  vegetables  ;  that  is  to  fay,  the  exami- 
nation 
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nation  of  fuch  fubftances  as,  though  neceflary 

to  life,  are  urged  outwards  to  anfwer  certain 

functions:   the  pollen  and  honey  are  of  this 

kind. 

We  fhall  afterwards  examine  the  humours 
which  evaporate  and  efeape  by  tranfpiration  ; 
fuch  as  oxigenous  gas,  the  aqueous  principle, 
the  aroma,  or  odorant  principle,  &c. 

And  in  the  laft  place  we  iliall  fhew  the  alter- 
ations to  which  vegetables  are  fubjecled  after 
death.  In  order  to  proceed  with  regularity  in 
a  queftion  of  fuch  great  importance,  we  (hall 
mccefrively  examine  the  aclion  of  heat,  of  the 
air,  and  of  water,  upon  the  vegetable,  whether 
they  act  feparately  or  together.  This  proceed- 
ing will  render  us  acquainted  with  all  the  phe- 
nomena exhibited  by  vegetables  in  their  de- 
pom  poiit  ion. 
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SECTION     L 


Concerning  (the  Structure  of  Vegetables, 


EVERY  vegetable  exhibits  in  its  ftruclure — 
i.  A  fibrous  and  hard  mechanifm,  which 
fuppor.ts  all  the  other  organs,  determines  the 
-direction,  and  gives  the  proper  folidity  to  the 
fcveral  plants  and  their  parts.      i.  A  cellular 
,tiflue,  which  accompanies  all  the  vefTcls,  enve- 
lops all  the  fibres,  contorts  itfelf  in  a  thoufand 
ways,  and  every  where  forms  coverings  and  a 
net-work  which  connect  all  the  parts,  and  ef- 
tablim  an   admirable  communication  between 
them.      We  (hall  defcribe  the  feveral  parts  of 
plants  in  a  very  concife  manner,  and  fhall  con- 
fine ourfelves  to  the  explanation  and  defcrip- 
tion   of  fuch    organs    as   mull  neeeflarily   be 
known  with  accuracy,  before  we  can  proceed 
to  the  analyfis  qf  plants. 

ARTI- 
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ARTICLE      I. 

Concerning  the  Bark. 

The  bark  is  the  external  covering  of  plants ; 
its  prolongations  or  extenfions  cover  all  the, 
parts  which  compofe  the  vegetable.  We  may 
diftinguifh  three  particular  tunics,  which  may 
be  feparately  detached  and  obferved  ;  the  epi- 
dermis, the  cellular  tiflue,  and  the  cortical 
coatings. 

i.  The  epidermis  is  a  thin  membrane,  formed 
of  fibres  that  crofs  each  other  in  every  direc- 
tion :  its  texture  is  fometimes  fo  thin,  that  the 
direction  of  its  fibres  may  be  feen  by  holding  it 
againft  the  light.  This  membrane  is  eafily  de- 
tached from  the  bark  when  the  plant  is  in  a 
vigorous  ftate;  and  when  it  is  dried  the  fepara^ 
tion  may  be  effected  by  fteeping  it  in  water. 
When  the  epidermis  of  a  plant  is  deftroyed,  it 
grows  again ;  but  is  then  more  ftrongly  adhe- 
rent to  the  reft  of  the  bark,  fo  as  to  form  a  kind 
of  cicatrice. 

This  epidermis  appears  to  be  intended  by 
nature  to  modify  the  impreflions  of  external 
objects  upon  the  vegetable ;  to  furnifh  a  great 
number  of  pores,  which  tranfmit  or  throw  off 

the 
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the  excretory  products  of  vegetation ;  to  pro- 
tect the  laft  or  extreme  ramification  of  the 
aerial  or  aqueous  veffcls,  which  extract  out  of 
the  air  fuch  fluids  as  are  neceflary  for  the  in- 
creafe  of  the  vegetable  ;  and  to  cover  the  cel- 
lular organ,  which  contains  the  principal  veflels, 
and  thole  glands  in  which  the  feveral  fluids  are 
digefted  and  elaborated. 

2.  The  cellular  coating  forms  the  fecond 
part  of  the  bark.  Its  texture  confifts  of  ve- 
ficles  and  utricles,  fo  very  numerous,  and  io 
clofe  together,  as  to  form  a  continued  coating. 
It  is  among  thefe  glands  that  the  work  of  di- 
geftion  appears  to  be  performed ;  and  the  pro- 
duct of  this  elaboration  is  afterwards  conveyed 
through  the  whole  vegetable,  by  veflels  propa- 
gated through  all  its  parts  and  communica- 
tions ;  even  with  the  medullary  fubftance  or 
pith,  by  conduits  that  pafs  through  the  body  of 
the  tree,  croffing  the  ligneous  flrata.  In  this 
net-work  it  is  that  the  colouring  matter  of  ve- 
getables is  developed :  the  light  which  pene- 
trates the  epidermis  concurs  in  enlivening  the 
colour :  here  likewife  it  is  that  oils  and  refins 
are  formed,  by  the  decompofition  of  water  and 
the  carbonic  acid ;  and  laftly  it  is  from  this  re- 
ticular fubttance  that  thofe  various  products 
of  the  organization  are  thrown  off  or  excluded, 

which 
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which  may  be  confldered  as  the  faeces  of  tht 

vegetable  digeflion. 

3.  The  coatings  which  lie  between  the  ex- 
ternal covering  and  the  wood  or  body  of  the 
vegetable,  and  may  be  called  the  cortical  coat- 
ings, are  formed  of  lamina?  which  themfelves 
confift  of  the  re-union  of  the  common,  proper, 
and  air  veflels  of  the  plant.     The  veffels  are 
not  extended  length  wife  along  the  ftem,  but 
are    curved  in  various  directions ;    and    leave 
openings  or  mefhes  between  them,  which  are 
filled  by  the  cellular  matter  itfelf.      Nothing 
more  is  necefiary  to  fhew  the  organization,  than 
to  macerate  thefe  coatings  in  water,  which  de- 
ftroys  the  cellular   fubflances,  and  leaves  the 
net-work  uncovered*.     The  cortical  coverings 
are  eafily  detached  from  each  other ;   and  it  is 
from  their  grofs  refemblance  to  the  leaves  of  a 
book,  that  they  have  been  called  liber.     In  pro- 
portion as  thefe  coatings  approach  the  ligneous 
body,  they  become  hard ;   and  at  length  form 
the  external   fofter  part   of  the  wood,  which 
workmen  call  the  fap. 

The  bark  is  the  moft  eflential  part  of  the  ve- 
getable, by  means  of  which  the  principal  func- 

*  This  is  moft  particularly  feen  in  the  arhrc  a  dtnteJkt 
when  the  plant  ha»  been  macerated  in  water. 

tions. 
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tions  of  life,  fuch  as  nutrition,  digeftion,  the 
fecretions,  &c.  are  performed.  All  plants,  and 
particularly  thole  which  are  hollow  within,  and 
whofe  products  are  totally  changed  by  covering 
them  with  a  different  bark,  prove  evidently  that 
the  digeftive  force  eminently  relides  in  this 
part.  The  ligneous  part  is  fo  far  from  being 
cfTential,  that  many  plants  are  without  it ;  fuch 
as  the  gramineous  and  the  arundinaceous,  and 
all  plants  that  are  hollow  within.  Grafles,  pro- 
perly fpeaking,  have  only  the  cortical  part.  We 
often  fee  plants  internally  rotten,  but  kept  in 
vigour  by  the  good  ftate  of  their  bark. 

ARTICLE      II. 

Concerning  the  Ligneous  Texture. 

Beneath  the  bark  there  is  a  folid  fubftance, 
which  forms  the  trunk  of  trees,  and  appears  to 
be  ufually  compofed  of  concentric  layers.  The 
interior  coatings  or  rings  are  harder  than  the 
exterior ;  they  are  older,  and  of  a  more  firm 
and  clofe  grain.  The  hardeft  of  thefe  form  the 
wood,  properly  fo  called,  while  the  fofter  exter- 
nal rings  conftitutc  the  fap.  We  may  con- 
fider  wood  as  being  formed  of  fibres,  more  or 
lkfs  longitudinal,  connected  together  by  a  cel- 
lular 
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hilar  tiffuc,  interfperfed  with  veficles  com- 
municating with  each  other;  which  diminifh 
gradually  towards  the  centre,  where  they  form 
the  pith.  The  pith  is  found  only  in  young 
branches  or  plants,  and  difappcars  in  plants  of 
a  certain  age. 

The  veficular  tiffue  bears  a  great  analogy 
with  the  glandular  and  lymphatic  veflels  of  the 
human  body :  in  both,  the  conformation  and 
ufes  are  the  fame.  In  the  early  age  of  plants 
and  animals,  the  organs  have  a  confiderable  ex- 
pan  (ion,  becaufe  the  increafe  of  the  individual 
is  very  rapid  at  that  period.  But,  as  age  ad- 
vances, the  veflels  become  obliterated  in  both 
kingdoms ;  and  it  is  obferved  that,  in  the  white 
woods  and  fungi  which  abound  with  the  vefi- 
cular fub fiance,  the  growth  is  alio  very  rapid. 

ARTICLE    III. 

Concerning  the  Veflels. 

The  various  humours  of  vegetables  are  con- 
tained in  certain  appropriated  veflels,  in  which 
they  enjoy  a  degree  of  motion  that  has  been 
compared  to  the  circulation  in  animals.  It 
differs  from  it,  however ;  becaufe  thefe  humours 
are  not  continually  kept  in  equilibrio  in  the 
2,  veflels 
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vefil'.  11    inherent  force,  but  receive  in  a 

more  evident  manner  the  impreffion  of  external 
agents.  Light  and  heat  are  the  two  great 
caufes  which  determine  and  modify  the  motion 
of  the  fluids  and  vegetables.  Thefe  agents 
caufe  the  fap  to  rife  into  the  various  parts, 
where  it  is  elaborated  in  a  manner  correfpondent 
to  the  functions  of  each  ;  but  it  is  not  obferved 
that  it  returns  :  lb  that  the  acceffion  or  flux  of 
the  humours  in  vegetables  is  proved,  but  the 
reflux  does  not  appear  to  be  perceptible. 

Three  kinds  of  vcffels  may  be  diftinguifhed 
in  vegetables  :  the  common,  or  fap  vefiels  ;  the 
proper  vefTels ;  and  the  air  vefTels,  or  tracheae. 

1.  The  fap  vefTels  convey  the  fap,  or  general 
humour,  from  which  all  the  others  are  derived. 
This  liquor  may  be  compared  to  the  blood  in 
animals.  Thefe  vefiels  are  refervoirs  from  which 
the  fcveral  organs  extract  the  different  juices, 
and  elaborate  them  in  a  proper  manner. 

The  fap  vefiels  chiefly  occupy  the  middle  of 
plants  and  trees.  They  rife  perpendicularly, 
though  with  deflexions  tideways,  fo  as  to  com- 
municate with  all  the  parts  of  the  vegetable. 
They  convey  the  fap  into  the  utricles  ;  whence 
it  is  taken  by  the  proper  vefTels,  in  order  that  it 
may  be  duly  elaborated. 

:.   Each     organ    is    likewife  provided   with 

Vol.  III.  C  peculiar 
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peculiar  veflels,  to  feparate  the  various  juices, 
and  to  preferve  them,  without  fuffering  them  to 
mix  with  the  general  mafs  of  humours.  Thus 
it  is  that  we  find  in  the  fame  vegetable,  and 
frequently  in  the  fame  organ,  juices  of  differ- 
ent natures,  and  greatly  differing  in  colour  and 
confidence. 

The  veffels,  whether  common  or  proper,  are 
retained  in  their  feveral  directions  by  the  ligne- 
ous fibres  ;  they  are  every  where  furrounded  by 
the  cellular  tifliie ;  they  open,  and  pour  their 
fluid  into  the  glands,  into  the  cellular  tifTue,  and 
into  the  utricles,  to  anfwer  the  various  functions* 

The  utricles  are  fmall  veflels  or  repofitories 
which  contain  the  pith,  and  frequently  the  co- 
louring matter.  They  form  a  kind  of  repofi- 
tory  in  which  the  nutritive  juice  of  the  plant  is 
preferved,  and  whence  it  is  taken  on  oceafion  ;  in 
the  fame  manner  as  the  collection  of  marrow 
is  formed  in  the  internal  part  of  the  bones, 
whence  it  is  afterwards  extracted  when  the  ani- 
mal is  not  fufficiently  fupplied  with  nutriment. 

3.  The  tracheae,  or  air  veflels,  appear  to  be 
the  organs  of  refpiration,  or  rather  thofc  which 
receive  the  air,  and  facilitate  its  abforption  and 
decompofition.  They  are  called  tracheae  on 
account  of  the  refemblance  which  is  thought 
to  exift  between  them  and  the  refpiratory  organs 

of 
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of  infects.  In  order  to  obferve  them,  a  branch 
of  a  tree  is  taken  fnfficiently  young  to  break 
off  fhort:  after  having  cleared  away  the  bark 
without  touching  the  wood,  the  bough  is  broken 
by  drawing  the  two  extremities  in  oppofite  di- 
rections ;  the  tracheae  are  then  feen  in  the  form 
of  fmall  corkferews,  or  vefTels  turned  in  a  fpiral 
direction.  It  is  generally  fuppofed  that  the  large 
pores  which  are  perceived  in  the  tranfverfe  fec- 
tion  of  a  plant,  viewed  in  a  microfcope,  are 
merely  air  vefTels.  It  often  happens  that  the  fap 
is  extravafated  in  the  cavity  of  the  tracheae ;  and 
they  appear  incapable  of  ferving  any  other  pur- 
pofes  than  that  of  conveying  the  air,  at  leaft  for 
fome  time,  unlefs  a  change  take  place  in  the  life 
of  the  plant. 

ARTICLE    IV. 

Concerning  the  Glands. 

Small  protuberances  are  obferved  upon  various 
parts  of  vegetables.  Thefe  are  glandular  bodies, 
whofe  form  is  prodigioufly  varied.  It  is  more 
particularly  upon  this  variation  of  form  that 
Mr.  Guettard  has  grounded  his  feven  fpecies. 
They  are  almoft  always  filled  with  a  humour, 
whofe  colour  and  nature  are  fingularly  varied. 

C2  SEC- 
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SECTION      II. 

Concerning   the    Nutritive    Principles  of  Ve- 
getables. 

IF  plants  were  to  perform  no  other  act  than 
that  of  pumping  the  nutritive  principles 
they  contain  out  of  the  earth  ;  if  they  did  not 
poffefs  the  faculty  of  digefting,  affimilating  them, 
and  forming  different  products,  according  to 
their  nature,  and  the  diverfrty  of  their  organs ; 
it  would  follow,  as  a  confequence,  that  we  ought 
to  find  in  the  earth  all  thofe  principles  which 
analyfis"  exhibits  to  us  in  vegetables  :  a  conclu- 
sion which  is  contradicted  by  the  facts ;  for  we 
fhall  hereafter  prove,  that  the  production  of  ve- 
getable earth  is  an  effect:  of  the  organization  of 
plants,  and  that  it  owes  its  formation  to  them 
inftead  of  communicating  principles  ready  form- 
ed to  thofe  individuals.  If  it  were  true  that 
plants  did  nothing  but  extract  their  component 
parts  out  of  the  earth,  thofe  plants  which  grow 
on  the  fame  foil  would  poffefs  the  fame  prin- 
ciples, or  at  leaft  the  analogy  between  them  would 

be 
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be  very  great  ;  whereas  we  find  plants  of  very 
different  virtues  and  flavours  grow  and  flourifh 
befide  each  other.  In  addition  to  this  we  may 
obfcrve,  that  fach  plants  as  are  raifed  in  pure 
•water — the  fat  plants,  which  grow  without  being 
fixed  to  the  earth,  provided  they  are  placed  in 
a  moill  atmofphere — the  clafs  of  paralitical 
plants,  which  do  not  partake  of  the  properties 
of  thofe  which  ferve  to  fupport  them — prove 
that  a  vegetable  does  not  derive  its  juices  from 
the  earth,  on  account  of  its  being  earth  ;  but 
that  it  pofTefics  an  internal  alterative  and  aflimi- 
lating  power,  which  appropriates  to  each  indi- 
vidual the  aliment  which  is  fuitable  to  it,  at  the 
fame  time  that  it  difpofes  and  combines  that 
aliment  to  form  certain  peculiar  principles. 
This  digeftivc  virtue  will  appear  to  be  aflonifli- 
ingly  perfccl:,  when  it  is  confidered  that  the  nu- 
triment common  to  all  vegetables  is  very  little 
varied,  fince  we  know  only  of  the  water  and 
air ;  and  confequently  that  it  poffefTcs  the  power 
of  forming  very  different  products  with  thefe 
two  fimple  principles.  But  from  this  circum- 
stance, that  the  nutritive  principles  of  plant?  are 
very  fimple,  it  muft  be  prefumed  that,  in  the 
various  remits  of  digeftion,  or  (which  is  the  fame 
thing)  in  the  vegetable  folids  and  fluids,  there 
muft  be  the  greater!  analogy  ;  and  that  the  dif- 
C  3  ferences 
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ferences  are  deducible  from  the  proportion  of 
the  principles,  and  their  more  or  lefs  perfect 
combination,  rather  than  from  their  variety. 
With  this  intention  we  fhall  carefully  obferve 
the  tranfition  from  one  principle  to  another ;  and 
fhall  explain  the  art  of  reducing  them  all  to 
certain  elementary  or  primitive  fubflances,  fuch 
as  the  fibrous  matter,  mucilage,  &c. 

ARTICLE     L 

Concerning  Water,  as  a  Nutritive  Principle  of 
Plants. 

Every  one  knows  that  a  plant  cannot  vegetate 
without  the  affiftance  of  water :  but  it  is  not  fo 
generally  known  that  this  is  the  only  aliment 
which  the  root  draws  from  the  earth  ;  and  that  a 
plant  can  live,  and  propagate  itfelf,  without  any 
other  afliflance  than  the  contact  of  water  and 
air.  It  appears  to  me,  neverthelefs,  that  the 
following  experiments  remove  every  doubt  on 
this  fubjeel: : — Van  Helmont  planted  a  willow, 
weighing  fifty  pounds,  in  a  certain  quantity  of 
earth  covered  with  fheet  lead  :  he  watered  it  for 
five  years  with  diftilled  water ;  and  at  the  end  of 
that  time  the  tree  weighed  one  hundred  and 

fixty- 
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fixty-nine  pounds  three  ounce-,  and  the  earth  in 
which  it  had  vegetated  was  found  to  have  dif- 
fered a  lofs  of  no  more  than  three  ounces. 
Bovlc  repeated  the  fame  experiment  upon  a 
plant,  which  at  the  end  of  two  years  weighed 
fourteen  pounds  more,  without  the  earth  in 
which  it  had  vegetated  having  loft  any  percep- 
tible portion  of  its  weight. 

Meflrs.Duhamel  and  Bonnett  fupported  plants 
with  mofs,  and  fed  them  with  mere  water :  they 
obferved  that  the  vegetation  was  of  the  moft 
vigorous  kind  ;  and  the  naturalilt  of  Geneva 
obferves,  that  the  flowers  were  more  odori- 
ferous, and  the  fruit  of  a  higher  flavour.  Care 
was  taken  to  change  the  fupports  before  they 
could  fuffer  any  alteration.  Mr.  Tillet  has 
likewife  railed  plants,  more  efpecially  of  the 
gramineous  kind,  in  a  flmilar  manner;  with 
this  difference  only,  that  his  fupports  were 
pounded  glafs,  or  quartz  in  powder.  Hales 
has  obferved  that  a  plant  which  weighed  three 
pounds  gained  three  ounces  after  a  heavy  (dew. 
Do  we  not  every  day  obferve  hyacinths  and 
other  bulbous  plants,  as  well  as  gramineous 
plants,  raifed  in  faucers  or  bottles  containing 
mere  water  ? 

All  plants  do  not  demand  the  fame  quantity 

of  water;  rnd  nature  has  varied  the  organs  of 

C  4  the 
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the  feveral  individuals  conformably  to  the  ne- 
eeffity  of  their  being  fupplied  with  this  food. 
Plants  which  tranfpire  little,  fa ch  as  the  mofles 
and  the  lichens,  have  no  need  of  a  confiderable 
quantity  of  this  fluid  ;  and  accordingly  they  are 
fixed  upon  dry  rocks,  and  have  fcarcely  any 
roots  :  but  plants  which  require  a  larger  quan- 
tity have  roots  which  extend  to  a  great  diftance, 
and  abforb  humidity  throughout  their  whole 
furface. 

The  leaves  of  plants  have  likewife  the  property 
of  abforbing  water,  and  of  extracting  from  the 
atmofphere  the  fame  principle  which  the  root 
draws  from  the  earth.  But  plants  which  live  in  the 
water,  and  as  it  were  fwim  in  the  element  which 
ferves  them  for  food,  have  no  need  of  roots; 
they  receive  the  fluid  at  all  their  pores  :  and  we 
accordingly  find  that  the  fucus,  the  ulva,  &c. 
have  no  roots,  whatever.  The  purer  the  water, 
the  more  falutary  it  is  to  plants.  Mr..Duhamel 
has  drawn  this  confequence  from  a  feries  of  well- 
made  experiments,  by  which  he  has  proved  that 
water  impregnated  with  falts  is  fatal  to  vegeta- 
tion. Hales '  caufed  them  to  abforb  various 
fluids,  by  making  incifions  in  their  roots,  and 
plunging  them  in  fpirits  of  wine,  mercury,  and 
various  faiine  folutions  ;  but  he  was  convinced 
that  thefe  were  all  poifons  to  the  vegetables, 

Befides, 
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Befijdes,  if  thefe  falts  were  favourable  to  the 
plants,  they  would  be  a 

viduj  i  bad  been  watered  with  a  folution 

of  them  ;  whereas  Meflrs.  Thouvenel  and  Cor- 
ncttv  tat  thefe  (alts  do  not  pais  into 

the  vegetable.     We  mull,  neverthe  ^ept 

ihe  marine  plants,  beeaufe  the  fea  fait  of  which 
they  have  need  is  decompofed  in  them ;  and 
produces  a  principle  which  appears  neceflary  to 
their  exiftenee,  fmcc  they  languifh  without  it. 

Though  it  is  proved  that  pure  water  is  more 
proper  for  vegetation  than  water  charged  with 
falts,  it  muft  not  on  that  account  be  concluded 
that  water  cannot  be  difpofed  in  a  more  fa- 
vourable manner  to  the  development  of  vege- 
tables, by  charging  it  with  the  remains  of  vege- 
table and  animal  decompofiticn.  If,  for  ex- 
ample, the  water  be  loaded  with  principles  dig- 
ged by  fermentation  or'  putrefaction,  the 
plant  then  receives  juices  already  affimilated  to 
its  nature  ;  and  thefe  prepared  aliments  muft 
haften  its  growth.  Independent  of  thofe  juices 
already  formed,  the  nitrogene  gas,  which  con- 
stitutes one  of  the  nutritive  principles  of  pi. 
and  is  abundantly  afforded  by  the  alteration  of 
vegetables  and  animals,  mult  facilitate  their 
development.  A  plant  fupportcd  by  the  re- 
mains of  vegetables  and  animals,  is  in  the  fame 

fituation 
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fituation  as  an  animal  fed  on  milk  only;  its 
organs  have  lefs  difficulty  in  elaborating  this 
drink  than  that  which  has  not  yet  been  annual- 
ized. 

The  dung  which  is  mixed  with  earths,  and 
decompofed,  not  only  affords  the  alimentary 
principles  we  have  fpoken  of;  but  likewife  fa- 
vours the  growth  of  the  plant  by  that  conflant 
and  fleady  heat  which  its  ulterior  decompo- 
fition  produces.  Thus  it  is  that  Fabroni  af- 
firms his  having  obferved  the  development  of 
leaves  and  flowers  in  that  part .  of  a  tree  only 
which  was  in  the  vicinity  of  a  heap  of  dung. 


ARTICLE      II. 

Concerning  Earth,  and  its  Influence  in  Vege- 
tation. 

Although  it  be  well  proved  that  pure  water 
is  fufHcient  for  the  fupport  of  plants,  we  muft 
not  confidef  the  earth  as  of  no  ufe.  Its  utility 
refcmbles  that  of  the  placenta,  which  of  itfelf 
affords  no  fupport  to  the  life  of  the  infant,  but 
which  prepares  and  difpofes  the  blood  of  the 
mother  to  become  a  fuitable  nourifhment  :  or 
it  refcmbles,  and  has  a  fimilar  utility  with,  the 

various 


Nutrition  of  Vegetables.  17 

various  refervoirs  which  nature  has  placed  in 
the  body  of  man,  to  preferve  the  feveral  hu- 
mours, and  emit  them  upon  occafion.  The 
earth  imbibes  and  retains  water :  it  is  the  rcfer- 
voir  clcftincd  by  nature  to  preferve  the  elemen- 
tary juice  which  the  plant  continually  requires; 
and  V3  furnifh  that  fluid  in  proportion  to  its 
wants,  without  expoflng  it  to  the  equally 
fatal  alternatives  of  being  either  inundated  or 
dried  up. 

We  even  fee  that,  in  the  young  plant  or  em- 
bryo, nature  has  not  chofen  to  cntruft  the  la- 
bour of  digeflion  to  the  ftill  feeble  germen. 
The  feed  is  formed  of  a  parenchyma,  which 
imbibes  water,  elaborates  it,  and  docs  not  tranf- 
mit  it  to  the  germen  until  it  is  reduced  into 
juice  or  humour.  By  infenllble  gradations  this 
feed  is  dedroyed ;  and  the  plant,  become  fuffi- 
cicntly  ftrong,  performs  the  work  of  digeflion 
without  aifiliance.  In  the  fame  manner  it  is 
that  wc  perceive  the  foetus  fupported  in  the 
womb  of  its  mother  by  the  humours  of  the 
mother  hcrfclf;  but,  when  it  has  fcen  the  light, 
it  receives  for  nourifhment  a  fluid  lefs  annua- 
lized, its  organs  are  gradually  ftrengthened, 
and  at  length  become  capable  of  digesting  a 
ilronger  and  lefs  aflimilated  nourifhment. 

But  on  this  very  account,  that  the  earth   is 

deftincd 
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deftined  to  tranfmit  to  the  plant  that  water 
which  is  to  fupport  it,  the  nature  of  the  foil 
cannot  be  a  matter  of  indifference,  but  muft 
be  varied  accordingly  as  the  plant  requires  a 
more  or  lefs  confiderable  quantity  of  water, 
accordingly  as  it  demands  more  or  lefs  in  a 
given  time,  and  accordingly  as  its  roots  extend 
to  a  greater  or  lefs  diflance.  It  may  therefore 
be  immediately  perceived  that  every  kind  of 
earth  is  not  fuitable  for  every  plant,  and  confe- 
qucntly  that  a  flip  cannot  be  grafted  indiffer- 
ently upon  every  fpecie 

A  proper  foil  is  that — i.  Which  affords  a 
fufficiently  firm  fupport  to  prevent  the  plant 
from  being  fhaken.  2.  Which  permits  the 
roots  to  extend  themfelves  to  a  diftance  with 
cafe.  3.  Which  becomes  impregnated  with  hu- 
midity, and  retains  the  water  fufficiently  that 
the  plant  may  not  be  without  it  when  wanted. — 
To  anfwer  thefe  feveral  conditions,  it  is  necef- 
to  make  a  proper  mixture  of  the  primitive 
earth-,  for  none  of  them  in  particular  poflefles 
them.  Siliceous  and  calcareous  earths  may  be 
confidered  as  hot  and  drying,  the  argillaceous  as 
moift  and  cold,  and  the  magnefian  as  pofleffing 
intermediate  properties.  Each  in  particular  has 
its  faults,  which  render  it  unfit  for  culture :  clay 
abforbs  water,  but  does  not  communicate  it ; 

calca- 
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calcareous  earth  receives  and  gives  it  too  quick- 
Iv  :  but  ;he  properties  of  thefe  earths  are  fo  hap- 
oppofed,  that  they  correct  each  other  by 
mixture.     Accordiiv  find  that,  by  adding 

lime  to  an  argillaceous  earth,  this  lait  is  di- 
vided ;  and  the  drying  property  of  the  lime  is 
mitigated,  at  the  fame  time  that  the  ftifmefs  of 
the  clay  is  diminilhcd.  On  thefe  accounts  it 
is  that  a  Single  earth  cannot  conftitute  manure  ; 
and  that  the  character  of  the  earth  intended  to 
be  meliorated  ought  to  be  Studied,  before  the 
choice  of  any  addition  is  decided  on.  Mr.  Til- 
let  has  proved  that  the  beft  proportions  of  a 
fertile  earth  for  corn,  are  three-eighths  of  clay, 
two-eighths  of  fand,  and  three-eighths  of  the 
fragments  of  hard  ftone. 

The  advantage  of  labour  confills  in  dividing 
the  eart:  ing  it,  destroying  ufelels  or  nox- 

ious plants,  and  converting  them  into  manure, 
by  facilitating  their  decomposition. 

Before  \vc  had  acquired  a  knowledge  of  the 
conftituent  principles  of  water,  it  was  impolii- 
ble  to  explain,  or  even  to  conceive,  the  growth 
of  plant  >  iingle  aliment.     In  facl,  if  the 

:r  were  an  element,  or  indecoinpofable  prin- 
e,  it  would  afford  nothing  but  water  in  en- 
tering into  the  nutrition  of  the  plant,  and  the 
vegetable  would  of  courfe    exhibit  that   fluid 

01 
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only :  but  when  we  confider  water  as  formed 
by  the  combination  of  the  oxigenous  and  hydro- 
genous gafes,  it  is  ealily  underftood  that  this 
compound  is  reduced  to  its  principles ;  and  that 
the  hydrogenous  gas  becomes  a  principle  of  the 
vegetable,  while  the  oxigene  is  thrown  off  by 
the  vital  forces.  Accordingly  we  fee  the  vege- 
table almofl  entirely  formed  of  hydrogene.  Oils, 
refins,  and  mucilage,  confift  of  fcarcely  any 
thing  but  this  fubftance ;  and  we  perceive  the 
oxigenous  gas  efcape  by  the  pores,  where  the 
action  of  light  caufes  its  difengagement.  This 
decempofition  of  water  is  proved  not  only  in 
vegetable,  but  likewife  in  animal  bodies.  Ron- 
delet  {Lib.  de  Fife.  lib.  i.  cap.  12)  cites  a  great 
number  of  examples  of  marine  animals  which 
cannot  fab fi ft  but  by  means  of  water,  by  the 
very  constitution  of  their  organs.  He  affirms 
that  he  kept,  during  three  years,  a  fifh  in  a 
veflel  conftantly  maintained  full  of  very  pure 
water :  it  grew  to  fuch  a  fize,  that  at  the  end 
of  that  time  the  veflel  could  no  longer  contain 
it.  He  relates  this  as  a  very  common  fact.  -We 
likewife  obfervc  the  red  fifhes,  which  are  kept 
in  glafs  veffels,  are  nourifhed,  and  grow,  with- 
out any  other  afliflance  than  that  of  the  water 
properly  renewed. 

t  ARTI- 
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ARTICLE      III. 

Concerning  Nitrogenous  Gas,  as  a  Nutritive 
Principle  of  Plants. 

Vegetables  cannot  live  without  air ;  but  the 
air  they  require  is  not  the  fame  as  is  appropri- 
ated to  man.  Drs.  Prieftley,  Ingenhoufz,  and 
Mr.  Senebier.  have  proved  that  it  is  the  nitro- 
genous gas  which  more  particularly  ferves  them 
for  aliment.  Hence  it  arifes  that  vegetation  is 
more  vigorous  when  a  greater  quantity  of  thofe 
bodies  which  afford  this  gas  by  their  decompoli- 
tion  are  prefented  to  the  plant ;  thcfe  are,  ani- 
mals or  vegetables  in  a  ftate  of  putrefaction. 
As  the  balls  of  nitrogenous  gas  is  unknown  to 
us,  it  is  difficult  to  conceive  what  may  be  its  ef- 
fect upon  the  vegetable  ceconomy,  and  we  can- 
not follow  it  after  its  introduction  into  the  vege- 
table. We  do  not  find  it  again  until  the  de- 
compofition  of  the  vegetable  itfelf,  when  it  re- 
appears in  its  gafeous  form. 

ARTICLE     IV. 

Concerning  the  Carbonic  Acid,  as  a  Nutritive 
Principle  of  Vegetables. 

The  carbonic  acid  which  is  difperfed  in  the 

atmo- 
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atmofphere,  or  in  waters,  may  likewife  be  confi- 
dered  as  an  aliment  of  plants ;  for  thefe  bodies 
poiTcfs  the  power  of  abforbing  and  decompofmg 
it  when  its  quantity  is  fmall.  The  bafe  of  this 
acid  even  feems  to  contribute  to  the  formation 
of  vegetable  fibres :  for  I  have^bbferved  that 
this  acid  predominates  in  the  fungus,  and  other 
fiibterraneous  plants.  But  by  caufing  thefc  ve- 
getables, together  with  the  body  upon  which 
they  were  fixed,  to  pais  by  imperceptible  grada- 
tions from  an  almoft  abfolute  darknefs  into  the 
light,  the  acid  very  nearly  difappeared ;  the  ve- 
getable fibres  being  proportionally  increafed, 
at  the  fame  time  that  the  refin  and  colouring 
principles  were  developed  by  the  oxigene  of 
the  fame  acid.  Scnebier  has  obferved,  that  the 
plants  which  he  watered  with  water  impreg- 
nated with  the  carbonic  acid,  tranfpired  a  much 
greater  quantity  of  oxigenous  gas  ;  which  proves 
a  decompofition  ofthe  carbonic  acid. 

Vegetation  may  therefore  be  fuccefsfully  em- 
ployed to  correct' air  too  highly  charged  with 
carbonic  acid,  or  in  which  the  nitrogenous  gas 
exifts  in  too  great  a  proportion. 


ARTI- 
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ARTICLE      V. 

Concerning  Light,  and  its  Influence  on  Vege- 
^       tation. 

Light  is  abfolutcly  neceflary  to  plants.  With- 
out the  affiftance  of  this  principle  they  become 
pale,  languifh,  and  die.  But  it  has  not  been 
proved  that  it  enters  as  an  aliment  into  their 
compofition:  at  moft  it  may  be  confldered  as  a 
ilimulus  or  agent  which  decompofes  the  various 
nutritive  principles,  and  feparates  the  oxigenous 
gas  arifing  from  the  decompoiition  of  water,  or 
the  carbonic  acid,  while  their  bafes  become 
fixed  in  the  plant  itfelf. 

The  moft  immediate  effect  o^he  fixation  of 
the  various  fubftanccs,  and  the  concretion  of  the 
liquid?,  which  ferve  as  the  food  of  plants,  is  a 
fenfible  production  of  heat,  which  caufes  plants 
to  participate  very  little  in  the  temperature 
of  the  atmofphere.  Dr.  Hunter  obferved,  by 
keeping  a  thermometer  plunged  in  a  hole  made 
in  a  found  tree,  that  it  conftantly  indicated  a 
temperature  feveral  degrees  above  that  of  the 
atmofphere,  when  it  was  below  the  fifty-fixth  di- 
vifion  of  Fahrenheit ;  whereas  the  vegetable  heat, 
in  hotter  weather,  was  always  feveral  degrees 
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below  that  of  the  atmofphere.  The  fame  phi- 
loibpher  has  likewife  obferved,  that  the  fap 
which,  out  of  the  tree,  would  freeze  at  32% 
did  not  freeze  in  the  tree  unlefs  the  cold  were 
augmented  150  more. 

The  vegetable  heat  may  increafe  or  diminifh 
by  feveral  caufes,  of  the  nature  of  difeafe ;  and  it 
may  even  become  perceptible  to  the  touch  in 
Very  cold  weather,  according  to  Mr.  Buffon. 

The  heat  produced  in  healthy  vegetables,  by 
the  before-mentioned  caufes,  continually  tem- 
pers the  cold  of  the  atmofphere  ;  the  evapo- 
ration which  takes  place  through  the  whole 
body  of  the  tree,  continually  moderates  the 
fcorching  heat  of  the  fun  :  and  thefe  productive 
caufes  of  cold  or  heat  are  more  effectual,  in  pro- 
portion as  the  heat  or  cold  of  external  bodies 
acts  with  greater  energy. 

The  property  which  plants  poffefs  of  con- 
Verting  nitrogenous  gas  and  carbonic  acid  into 
nourifhment,  eftablifhes  an  aftonifhing  degree  of 
analogy  between  them  and  certain  infects.  It 
appears,  from  the  obfervation  of  Frederic  Gar- 
man  (Ephcm.  des  Curiof.  Nat.  Annee  1670), that 
the  air  may  become  a  real  food  for  the  clafs  of  fpi- 
ders.  The  larvae  of  the  ant,  as  well  as  of  feveral 
infects  of  prey  which  live  in  the  fand,  increafe  in 
bulk,  and  undergo  their  metamorphofes  without 

any 
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any  other  nourifhment  than  that  of  the  air.  It 
has  been  obferved  that  a  great  number  of  in- 
fecls, particularly  in  the  ftate  of  larvae,  are  ca- 
pable of  living  in  the  nitrogenous  gas,  mixed 
with  carbonic  acid,  and  tranfpiring  vital  air. 
The  abbe  Fontana  has  obferved  that  feveral  in- 
fecls poflefs  this  property ;  and  Ingenhoufz,  who  is 
of  opinion  that  the  green  matter  which  is  formed 
in  water,  and  tranfpires  oxigenous  gas  by  the 
light  of  the  fan,  is  a  clufter  of  animalculae,  has 
added  to  thefe  phaenomena.  Infecls  have  more- 
over the  organ  of  refpiration  diftributed  over 
the  whole  furface  of  their  bodies.  Here  there- 
fore we  obferve  feveral  very  aftonifhing  points 
of  analogy  between  infecls  and  vegetables :  and 
the  chemical  analyfis  adds  ftill  more  to  thefe 
refemblances,  fince  infecls  and  vegetables  afford 
the  fame  principles ;  namely,  volatile  oils,  re- 
fins,  difengaged  acids,  &C; 
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SECTION     III. 

Concerning    the     Refults    of     Nutrition,    or 
the  Vegetable  Principles. 

THE  various  fub  fiances  which  afford  food 
to  plants,  are  changed  by  the  organization 
of  the  vegetable;  from  which  there  refults  a  fluid 
generally  diftributed,  and  known  by  the  name 
of  Sap.  This  juice,  when  conveyed  into  the 
feveral  parts  of  the  plant,  receives  an  infinity  of 
modifications,  and  forms  the  feveral  humours 
which  are  feparated  and  afforded  by  the  drgans. 
It  is  to  thefe  principles  chiefly  that  we  are  at 
prefent  about  to  direct  our  attention  :  and  we 
fhall  endeavour  in  our  examination  to  follow 
the  mofl  natural  order,  by.  fubjecling  them  to 
analyfis  in  the  fame  order  as  that  in  which  na- 
ture prefents  them  to  us. 

ARTICLE    I. 

Concerning  Mucilage. 

Mucilage  appears  to  conflitute  the  firfr.  altera- 
tion of  the  alimentary  juices  in  vegetables.  Mofl 
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feeds  are  almoft  totally  refolvable  into  mucilage, 
and  young  plants  feem  to  be  entirely  formed  of 
it.  This  fubftance  has  the  greater!  analogy 
with  the  mucous  fluid  of  animals.  Like  that 
fluid,  it  is  moft  abundant  in  the  earlier  periods 
of  life,  and  all  the  other  principles  appear  to  be 
derived  from  it  ;  and  in  vegetables,  as  well  as 
animals,  its  quantity  becomes  lefs  in  proportion 
as  the  increafe  of  magnitude,  or  growth  of  the 
individual,  becomes  lefs,  or  ceafes.  Mucilage  is 
not  only  the  nutritive  juice  of  plants  and  ani- 
mals; but,  when  extracted  from  either,  it  becomes 
the  moft  nourifhing  and  wholefome  food  wexare 
acquainted  with. 

Mucilage  forms  the  bafis  of  the  proper  juices, 
or  the  fap,  of  plants.  It  is  fometimes  found 
almoft  entirely  alone,  as  in  mallows,  the  feeds  of 
the  wild  quince,  linfeed,  the  feeds  of  thlafpi,  &c. 
Sometimes  it  is  combined  with  fubftances  infolu- 
ble  in  water,  which  it  keeps  fufpended  in  the 
form  of  an  emulfion;  as  in  the  euphorbium,  ce- 
landine, the  convolvulus,  and  others.  In  other 
inftances  it  is  united  with  an  oil,  and  forms  the 
fat  oils.  Frequently  it  is  united  withfugar;  as  in 
the  gramineous  feeds,  the  fugar-cane,  maize, 
carrot,  &c.  It  is  likewife  found  confounded 
with  the  eflential  falts,  with  excefs  of  acid,  as 
in  barberries,  tamarinds,  forrel,  &c. 

D  3  Muei- 


3  8  Gum  or  'Mucilage. 

Mucilage  fometimes  conftitutes  the  permanent 
flate  of  the  plant;  as  in  the  tremella,  the  con- 
ferva, fome  lichens,  and  moil  of  the  champi- 
gnons. This  exiflence  in  the  form  of  mucilage 
is  likewife  feen  in  certain  animals ;  fuch  as  the 
medufa  or  fea-nettle,  the  holothurion,  &c. 

The  characters  of  mucilage  are — I.  Infipi- 
dity.  2.  Solubility  in  water.  3.  Infolubility  in 
alcohol.  4.  Coagulation  by  the  action  of  weak 
acids.  5.  The  emiffion  of  a  confiderable  quan- 
tity of  carbonic  acid,  when  expofed  to  the  action 
of  fire ;  at  the  fame  time  that  it  becomes  con- 
verted into  coal,  without  exhibiting  any  flame. 
Mucilage  is  likewife  capable  of  paffing  to  the 
acid  fermentation  when  diluted  with  water. 

The  formation  of  mucilage  appears  to  be 
almofl  independent  of  light.  Thofe  plants 
which  grow  in  fubterraneous  places  abound  with 
it.  Bui  light  is  required  to  enable  mucilage  to 
pafs  to  other  flates ;  for,  without  the  affiflance 
of  this  principle,  the  fame  plants  would  obtain 
fcarcely  any  confidence. 

That  which  is  called  gum,  or  gummy  juices, 
in  commerce,  is  nothing  but  dried  mucilage. 
Theie  gums  are  three  in  number.  They  either 
flow  naturally  from  the  trunk  of  the  tree  which  i* 
affords  Them,  or  they  are  obtained  by  incifion 
of  the  bark. 

1.  Gum 
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1.  Gum  of  the  country,  Gummi  noftras. — 
This  gum  flows  naturally  from  certain  trees  in 
our  climate,  fuch  as  the  plum,  the  peach,  the 
cherry-tree,  &c.  It  firft  appears  in  the  form 
of  a  thick  fluid,  which  congeals  by  expofure  to 
the  air,  and  lofes  the  adhelive  and  gluey  confiit- 
ence  which  characterizes  it  in  the  liquid  ftate. 
Its  colour  is  white,  but  more  commonly  yellow 
or  reddifh.  When  pure,  it  may  be  advanta- 
geoufly  fubftituted  for  gum  arabic,  which  is 
much  dearer. 

2.  Gum  arabic. — The  gum  arabic  flows  natu- 
rally from  the  acacia  in  Egypt  and  Arabia.     It 
is  even  affirmed  that  it  is  not  obtained  from  this 
tree  only,  but  that  the  gum  met  with  in  commerce 
is  the  produce  of  feveral  trees.    The  appearance 
of  this  gum  is  in  round  pieces,  white  and  trans- 
parent, wrinkled  without,  and  hollow  within  ; 
it  is  like-wife  found  in  round  pieces  varioufly 
contorted.     This  gum  is  eafily  foluble  in  wa- 
ter, and  forms  a  tranfparent  jelly  called  muci- 
lage.    It  is  much  uied  in  the  arts  and  in  medi- 
cine.    It  is  mild,   void  of  fmell  or  tafte,  very 
well  adapted  to  ferve  as  the  bafis  of  paftils,  and 
other  preparations  ufed  as  mitigating  or  foftening 
remedies. 

3.   Gum   adragant. — The   gum  adragant  is 

nearly  of  the  fame  nature  as  gum  arabic.  It  flows 
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from  the  adragant  of  Crete,  a  fmall  fhrub  not 

exceeding  three  feet  in  height.     It  comes  to  us 

in  fmall  white  tears,  contorted,  and  refembling 

little  worms.     It  forms  with  water  a  thicker  jelly 

than  gum  arabic,  and  may  be  ufed  for  the  fame 

purpofes. 

If  the  roots  of  marfhmallows  or  of  the  con- 
folida,  linfeed,  the  kernels  of  the  wild  quince 
(coing),  &c.  be  macerated  in  water  for  a  time, 
they  afford  a  mucilage  fimilar  to  that  of  gum 
arabic. 

All  thefe  gums  afford,  by  diftillation,  water, 
an  acid,  a  fmall  quantity  of  oil,  a  fmall  quantity 
of  ammoniac  or  volatile  alkali,  and  much  coal. 
This  fketch  of  analyfis  proves  that  mucilage  is 
compofed  only  of  water,  oil,  acid,  carbone,  and 
earth ;  and  fhews  that  the  various  principles  of 
the  alimentary  juices,  fuch  as  water,  the  carbonic 
acid,  and  nitrogene  gas,  are  fcarcely  changed  in 
this  fubftance. 

Gums  are  ufed  in  the  arts  and  in  medicine. 
In  the  arts  they  are  applied  to  give  a  greater 
degree  of  con  lift  ence  to  certain  colours,  and  to 
fix  them  more  permanently  upon  paper;  they  are 
alfo  ufed  as  a  preparation  to  give  a  firmer  body 
to  hats,  ribbons,  taffetas,  &c.  Stuffs  dipped  in  gum 
water  acquire  a  luftre  andbrightnefs;  but  water, 
and  the  handling  of  thefe  goods,  foon  deflroy 

the 
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the  illufion ;  and  thefc  procefles  are  clafTed  among 
thofc  which  nearly  approach  to  impofition  and 
deceit.  Gum  is  likewife  the  balls  of  moil  kinds 
of  blacking  ufed  for  fhoes,  boots,  and  the  like. 

The  gums  are  ordered  in  medicine  as  emol- 
lients. They  compofe  the  balls  of  many  re- 
medies of  this  kind.  -  The  mucilage  of  linfeed, 
or  of  the  kernels  of  wild  quinces,  is  of  value 
in  allaying  inflammations. 


ARTICLE     II. 

Concerning  Oils. 

By  common  confent  the  name  of  Oil  is  given 
to  fat  unctuous  fub fiances,  more  or  lefs  fluid, 
infoluble  in  water,  and  combuitible. 

Thefe  products  appear  to  belong  exclufively 
to  animals  and  vegetables.  The  mineral  king- 
dom exhibits  only  a  few  fubftances  of  this  na- 
ture, which  poflefs  fcarcely  any  of  the  above 
properties,  fuch  as  the  unctuous  property. 

Oils  are  diftinguifhed,  relative  to  their  fixity, 
into  fat  oils,  and  efTential  oils.  We  fhall  de- 
fcribe  them  in  this  article  under  the  names  of 
Fixed  Oils  and  Volatile  Oils.  The  difference 
between  thefe  two  kinds  of  oils  does  not  merely 

conlifl 
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confift  in  their  various  degrees  of  volatility,  but 
alio  in  their  habitudes  with  the  feveral  re-agents. 
The  fixed  oils  are  infoluble  in  alcohol,  but  the 
volatile  oils  are  eafily  diflblved :  the  fixed  oils 
are  in  general  mild ;  while  the  volatile  are  acrid, 
and  even  caufcic. 

It  appears  neverthelefs  that  the  oily  principle 
is  the  fame  in  both ;  but  it  is  combined  with 
mucilage  in  the  fixed  oils,  and  with  the  fpiritus 
rector,  or  aroma,  in  the  volatile  oils.  By  burn- 
ing the  mucilage  of  fixed  oils  by  diftillation, 
they  become  more  and  more  attenuated ;  the 
fame  may  likewife  be  done  by  means  of  water, 
which  diffolves  this  principle.  By  diftilling  vo- 
latile oil  with  a  fmall  quantity  of  water,  by  the 
gentle  heat  of  a  water  bath,  the  aroma  is  fepa- 
rated;  and  this  may  be  again  reftored  by  re- 
diftilling  it  with  the  odorant  plant  which  origi- 
nally afforded  it. 

Volatile  oil  is  ufually  found  in  the  mofl 
odorant  part  of  any  plant.  In  umbelliferous 
plants  it  is  found  in  the  feed ;  in  the  geum,  the 
root  affords  it ;  and  in  the  labiated  plants  it  is 
found  in  the  branches  and  leaves.  The  fimili- 
tude  between  volatile  oils  and  ether,  which  ap- 
pears to  be  merely  a  combination  of  oxigene 
and  alcohol,  proves  that  the  volatile  oils  may 
be  nothing  but  a  combination  of  the  fermentef- 

cible 
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cible  bafis  of  fugar  with  oxigene.  Hence  we 
mav  form  a  notion  how  oil  is  formed  in  the  dis- 
tillation of  mucilage  and  of  fugar ;  and  we  mall 
no  longer  be  furprifed  to  find  that  the  volatile 
oils  are  acrid  and  corrofive,  that  they  redden 
blue  paper,  attack  and  deftroy  cork,  and  approach 
to  the  properties  of  acids.  We  (hall  now  pro- 
ceed to  treat  of  fixed  and  volatile  oils  fcparately. 

DIVISION      L 

Concerning  Fixed  Oils. 

Moft  of  the  fixed  oils  are  fluid;  but  the 
greater  number  are  capable  of  palling  to  the 
itate  of  folidity,  even  by  a  moderate  degree  of 
cold.  There  are  fome  which  constantly  poflefs 
that  form  in  the  temperature  of  our  climates ; 
ilich  as  the  butter  of  cacao,  wax,  and  the  pela 
of  the  Chinefe.  They  all  congeal  at  different 
degrees  of  cold.  Olive  oils  become  folid  at  io° 
below  zero  of  Reaumur;  oil  of  almonds  at  the 
fame  degree ;  but  nut-oil  does  not  freeze  in  our 
climates. 

The  fixed  oils  poflefs  a  very  evident  degree 
of  uncluofity,  do  not  mix  either  with  water  or 
alcohol,  are  volatilized  at  a  degree  of  heat  Su- 
perior to  that  of  boiling  water,  and  when  vola- 
tilized 
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tilized  they  take  fire  by  the  contact  of  an  ig- 
nited body. 

The  fixed  oils  are  contained  in  the  kernels  of 
fhell  fruits  or  nuts ;  in  the  pippins,  and  fome- 
times  in  all  the  parts  of  fruits,  fuch  as  olives  and 
almonds,  all  whofe  parts  are  capable  of  afford- 
ing them. 

The  oil  is  ufually  made  to  flow  by  exproflion 
out  of  the  cellules  which  contain  it:  but  each 
fpecies  requires  a  different  management. 

I.  Olive  oil  is  obtained  by  expreffion  from 
the  fruit  of  the  olive  tree.  The  procefs  ufed 
by  us  is  very  fimple.  Th6  olive  is  crufhed  by 
a  mill-flonc,  placed  vertically,  rolling  upon  an 
horizontal  plane.  The  pafte  thus  formed  is 
ftrongly  prefled  in  a  prefs;  and  the  firll  oil 
which  comes  out  is  called  Virgin  Oil.  The 
marc  or  pulp  is  then  moiflened  with  boiling 
water;  the  mafs  is  again  prefled;  and  the  oil 
which  floats  upon  the  water  carries  with  it  part 
of  the  parenchyma  of  the  fruit,  and  a  great 
pail  of  the  mucilage,  from  which  it  is  diffi- 
cultly cleared. 

The  difference  in  the  kind  of  olive  produces 
a  difference  in  the  oil ;  but  the  concurrent  cir- 
cumflances  likewife  eftablifh  other  differences. 
If  the  olive  be  not  fufflciently  ripe,  the  oil  is 
bitter;  if  it  be  too  ripe,  the  oil  is  thick  and 

glutinous. 
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glutinous.  The  method  of  extracting  the  oil 
has  a  very  great  influence  on  its  quality.  The 
oil  mills  are  not  kept  fufficiently  clean ;  the 
mill-ftones,  and  all  the  utenfils,  are  impreg- 
nated with  a  rancid  oil,  which  cannot  but 
communicate  its  flavour  to  the  new  oil.  In 
fome  countries  it  is  ufual  to  lay  the  olives  in 
heaps,  and  iufTer  them  to  ferment  before  the 
oil  is  drawn.  By  this  management  the  oil  is 
bad ;  and  this  procefs  can  only  be  ufed  for  oil 
intended  for  the  lamp  or  for  the  foap- boiler. 

2.  Oil  of  almonds  is  extracted  from  that 
fruit  by  cxpreffion.  For  this  purpofe  dry  al- 
monds are  put  into  a  coarfe  lack,  and  agitated 
rather  ftrong^y,  to  difengage  an  acrid  powder 
which  adheres  to  the  fkin.  They  are  then 
pounded  in  a  marble  mortar  into  a  pafte,  which 
is  wrapped  in  a  coarfe  cloth,  and  fubjecled  to 
the  prefs. 

This  oil  is  greenifh  and  turbid  when  frefh, 
becaufe  the  aclion  of  the  prefs  caufes  part  of 
the  mucilage  to  pafs  through  the  cloth.;. as  it 
becomes  older  it  is  clearer,  but  is  acrid  by  the 
decomposition  of  the  fame  mucilage. 

Some  perfons  throw  almonds  into  hot  water, 
or  expofethem  to  fleam,  before  they  prefs  them; 
but  this  addition  of  water  difpofes  the  oils  to 
become  rancid  more  fpeedily. 

By 
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By  this  procefs  the  oil  of  all  kinds  of  almonds, 
nuts,  and  feeds,  may  be  extracted* 

3.  Linfeed  oil  is  extracted  from  the  feed  of 
the  plant  linum.  As  this  feed  contains  much 
mucilage,  it  is  torrefied  before  it  is  fubjected  to 
the  prefs.  This  previous  treatment  gives  the 
oil  a  difagreeable  empyreumatic  flavour;  but 
at  the  fame  time  deprives  it  of  the  property  of 
becoming  rancid,  and  renders  it  one  of  the 
moll  drying  oils.  All  mucilaginous  feeds,  all 
kernels,  and  the  feeds  of  henbane  and  of  the 
poppy,  ought  to  be  treated  in  the  fame  manner. 

If  a  fat  oil  be  difHlled  in  a  proper  apparatus 
of  veflels,  the  product  is,  phlegm  ;  an  acid ;  a 
fluid  or  light  oil,  which  becomes  thicker  towards 
the  end ;  much  hydrogenous  gas,  mixed  with 
carbonic  acid ;  and  a  coaly  relidue,  which  affords 
no  alkali.  I  have  obferved  that  the  volatile  oils 
afford  more  hydrogenous  gas,  and  the  fixed 
more  carbonic  acid :  this  laft  product  depends 
on  the  mucilage.  By  diftilling  the  fame  oil 
repeatedly,  it  is  more  and  more  attenuated,  be- 
comes very  limpid  and  very  volatile,  with  the 
only  difference  that  it  has  acquired  the  peculiar 
odour  communicated  by  the  fire*  The  volatili- 
zation of  the  oil  may  be  accelerated  by  diftilling 
it  from  an  argillaceous  earth  ;  by  this  means  it 
is  in  a  fhort  time  deprived  of  its  colouring  part  i 

and 
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and  the  heavy  oils  which  afford  bitumens,  when 
difiilled  once  or  twice  from  clay  alone,  fuch  as 
that  of  Murviel,  are  rendered  perfectly  colour- 
lefs.  The  ancient  chemifls  prepared  their  oleum 
fhilofophorum  by  diftilling  oil  from  a  brick  pre- 
viously impregnated  with  it. 

1.  Oil  eafily  combines  with  oxigene.  This 
combination  is  either  flow  or  rapid.  In  the 
firfl  cafe,  rancidity  is  the  confequence ;  in  the 
iecond,  inflammation. 

Fixed  oil  expofed  for  a  certain  time  to  the 
open  air,  abforbs  the  oxigenous  gas,  and  ac- 
quires a  peculiar  odour  of  fire,  an  acrid  and 
burnt  tafte,  at  the  fame  time  that  it  becomes 
thick  and  coloured.  If  oil  be  put  in  contact 
with  oxigene  in  a  bottle,  it  becomes  more 
fpeedily  rancid,  and  the  oxigene  is  abforbed. 
Scheele  obferved  the  abforption  of  a  portion  of 
the  air  before  the  theory  was  well  afecrtained. 
Oil  is  not  fubject  to  alteration  in  clofed  veflels. 

It  feems  that  oxigene,  combined  with  the 
mucilage,  conftitutes  rancidity  ;  and  thai, 
when  combined  with  the  oil  itfclf,  it  forms 
drying  oil. 

The  rancidity  of  oils  is  therefore  an  effect 
analogous  to  the  calcination  or  oxidation  of 
metals.  It  cffentially  depends  on  the  combina- 
tion of  pure  air  with  the  extractive  principle, 
which  is  naturally  united  with  the  oily  princi- 
5  Pie. 
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pie.  We  may  carry  this  inference  to  demon- 
ftration,  by  attending  to  the  procefles  ufed  to 
counteract  or  prevent  the  rancidity  of  oils. 

A.  When  olives  are  prepared  for  the  table, 
every  endeavour  is  ufed  to  deprive  them  of  this 
principle,  which  determines  their  fermentation  ; 
and  for  this  purpofe  various  methods  are  ufed. 
In  fome  places  they  are  macerated  in  boiling 
water,  charged  with  fait  and  aromatics ;  and, 
after  twenty-four  hours  dlgeftion,  they  are 
fteeped  in  clear  water,  which  is  renewed  till 
their  tafte  is  perfectly  mild.  Sometimes  no- 
thing more  is  done  than  to  macerate  the  olives 
in  cold  water ;  but  they  are  frequently  mace- 
rated in  a  lixivium  of  quick-lime  and  wood 
afhe?,  after  which  they  are  waihed  in  clear  wa- 
ter. But  in  whatever  manner  the  preparation  is 
made,  they  are  preferved  in  a  pickle  charged 
with  fome  aromatic  plant,  Inch  as  coriander 
and  fennel.  Some  perfons  preferve  them  whole  ; 
others  fplit  them,  for  the  more  complete  extrac- 
tion of  their  mucilage,  and  in  order  that  they 
may  be  more,  perfectly  impregnated  with  the 
aromatics.  / 

All  thefe  procefles  evidently  tend  to  extract 
the  mucilaginous  principle,  which  is  folublc  in 
water,  and  by  this  means  to  preferve  the  fruit 
from  fermentation.  When  the  operation  is  not 
well  made,  the  olives  ferment  and  change.     If 

olives 
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olives  be  treated  with  boiling  water,  to  extract 
the  mucilage,  before  they  are  fubmitted  to  the 
prefs,  a  fine  oil  will  be  obtained,  without  danger 
of  rancidity. 

B.  When  the  oil  is  made,  if  it  be  flrongly 
agitated  in  water,  the  mucilaginous  principle  is 
difengaged ;  and  the  oil  may  be  afterwards 
preferved  for  a  long  time  without  change.  I 
have  preferved  oil  of  the  marc  of  olives,  pre- 
pared in  this  manner,  for  feveral  years,  in  open 
bottles,  without  any  alteration. 

C.  The  torrefaction  to  which  feveral  mucila- 
ginous feeds  are  fubjecled  before  the  extraction 
of  the  oil,  renders  them  lefs  fufceptible  of  change, 
becaufe  the  mucilage  has  been  deftroyed. 

D.  M.  Sieffert  has  propofed  to  ferment  oils 
with  apples  or  pears,  in  order  to  deprive  rancid 
oils  of  their  acrimony.  By  this  means  they  are 
cleared  of  the  principle  which  had  combined  with 
them,  but  now  becomes  attached  to  other  bodies. 

Mucilage  may  therefore  be  confidered  as  the 
feed  of  fermentation* 

When  the  combination  of  the  pure  air  is 
favoured  by  the  volatilization  of  the  oil,  in- 
flammation and  combuftion  are  then  the  confe- 
quence.  To  carry  this  combination  into  effect:, 
the  oil  muft  be  volatilized  by  the  application  of 
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l^p^h^p^^\^^^^nd  the  flame  which  Is  pro 
"^ ^hrmT is^tflen  fufficient  to  maintain  the  degree 
of  volatility,  and  fupport  the  combuftion.  When 
a  current  of  air  is  caufed  to  pafs  through  the 
middle  of  the  wick  and  the  flame,  the  great 
quantity  of  oxigene  which  muft  then  neceflarily 
pafs,  occaflons  a  more  rapid  combuftion.  Hence 
it  is  that  the  light  is  ftronger,  and  without  fmoke; 
for  this  is  deftroyed  and  confumed  by  the  vio- 
lent heat  which  is  excited. 

The  lamps  of  Palmer  are  likewife  entitled  to 
our  particular  attention.  -  By  caufing  the  rays 
to  pafs  through  a  liquor  coloured  blue,  he  per- 
fectly imitates  the  light  of  the  day;  which  proves 
that  the  artificial  rays  require  to  be  mixed  with 
the  blue,  to  imitate  the  natural :  and  the  folar 
rays  which  pafs  through  the  atmofphere,  may 
owe  their  colour  to  their  combination  with  the 
blue  colour  which  appears  to  predominate  in 
the  air. 

If  water  be  projected  upon  oil  in  a  ftate  of 
inflammation,  it  is  known  that  extinction  does 
not  happen,  becaufe  the  water  is  decompofed  in 
this  experiment.  If  the  product  of  the  com- 
buftion of  oil  be  collected,  much  water  is  ob- 
tained, becaufe  the  combination  of  its  hydrogen  e 
with  oxigene  produces  that  fluid. 

Mr. 
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Mr.  Lavoifier  has  proved  that  one  pound  of 
olive  oil  contains, 

Coal  or  carbone,  12  ounces,  5  gros,  5  grains; 

Hydrogene,  -  3  —  2  —  67. 
The  art  of  rendering  oils  drying,  likewife  de- 
pends on  the  combination  of  oxigene  with  the 
oil  itfelf.  For  this  purpofc,  nothing  more  is 
required  than  to  boil  it  with  oxide-,  h  a  oil 
be  heated  upon  the  red  oxide  of  mercury,  a' con- 
siderable ebullition  enfues,  the  mercury  is  re- 
duced, and  the  oil  becomes  very  drying :  this 
is  an  obfervation  of  Mr.  Puymaurin.  The 
oxides  of  lead  or  copper  are  commonly  ufed  for 
this  purpole.  An  exchange  of  principles  takes 
place  in  this  operation  ;  the  mucilage  combines 
with  the  metal,  while  the  oxigene  unites  with  the 
oil. 

Oil  may  likewife  be  combined  with  the  me- 
tallic oxides  by  double  affinity,  after  the  manner 
of  Berthollet.  For  this  purpofe  a  folution  of 
foap  is  poured  into  a  metallic  folution.  By  this 
means  a  foap  of  a  green  colour  is  prepared  with 
a  fulphate  of  copper  ;  and,  with  that  of  iron,  a 
foap  of  a  deep  brown  colour,  of  confiderable 
intenfity. 

It  appears  that,  in  the  combinations  of  fixed 

oils  with  the  oxides  of  lead,  a  fubftance  is  dif- 

engaged,  and  fwims  at  the  top,  which  Scheele 

£  a  called 
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called  the  Sweet  Principle/ and  feems  to  be  Am- 
ply mucilage. 

2.  Oil  combines  with  fugar,  and  affords  a 
kind  of  foap,  which  may  be  eafily  diffufed  in 
water,  and  kept  fufpended.  The  trituration  of 
almonds  with  fugar  and  water,  forms  the  lac 
amygdale,  orgeat,  and  other  emulfions.  Combi- 
nations of  this  kind  exift  ready  formed  in  the 
vegetable  kingdom. 

3.  Oil  unites  readily  with  alkalis;  and  the 
refult  of  this  union/ is  the  well-known  compound, 
foap.  To  this  effecl:,  potafh  or  pure  alkali  may 
be  triturated  with  oil,  and  the  mixture  concen- 
trated by  fire.  The  medicinal  foap  is  made 
with  oil  of  fweet  almonds,  and  half  its  weight  of 
potafh  or  cauftic  alkali.  The  foap  becomes 
hard  by  {landing. 

To  make  the  foap  of  commerce,  one  part  of 
good  foda  of  Alicant  mufl  be  boiled  with  two- 
of  quicklime,  in  a  fufficient  quantity  of  water. 
The  liquor  is  then  to  be  flrained  through  a 
cloth ;  and  evaporated  to  that  degree,  that  a  phial 
which  contains  eight  ounces  of  pure  water,  may 
hold  eleven  of  the  faline  folution,  which  is  ufually 
called  Soap  Lye  or  Lees.  One  part  of  this  lixi- 
vium, and  two  of  oil,  boiled  together,  till  upon 
trial  with  a  fpatula  it  eafily  feparates,  and  foon 
coagulates,  form  foap. 

In 
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In  moil  manufactories  the  lixivium  is  pre- 
pared without  heat.  Equal  volumes  of'  pounded 
foda  of  alicant,  and  quicklime  previoufly  flaked, 
are  mixed  together.  Water  is  thrown  on  this 
mixture,  which  filters  through,  and  is  conveyed 
into  a  proper  veflcl.  Water  is  poured  on  till  it 
paries  through  without  acquiring  any  more  fait. 
In  this  way  thefe  kinds  of  lyes  are  obtained, 
which  differ  in  ftrength  ;  that  which  pafles  firfl 
is  the  ftrongeft,  and  the  lair  is  almoft  mere  water. 
Thefe  are  afterwards  mixed  with  oil  in  boilers, 
where  the  mixture  is  favoured  by  heat.  The 
weak  lye  is  firft  added,  and  afterwards  gradually 
the  ftronger  ;  and  the  ftrongeft  is  not  added  till 
towards  the  end  of  the  procefs. 

To  make  the  foap  marbled,  they  make  ufe  of 
foda  in  the  mafs,  blue  copperas,  cinnabar,  &c. 
according  to  the  colour  delired. 

A  liquid  green  or  black  foap  is  likewife  made 
by  boiling  the  lixivium  of  foda,  potafh,  or 
even  wood  afhes,  with  the  marc  of  the  oils 
of  olive,  of  nuts,  or  of  nape ;  or  with  fat,  or 
fifh  oil,  &c.  The  black  foap  is  made  in 
Picardy,  and  the  green  in  Holland.  The  Mar- 
quis de  Bouillon  has  propofed  to  make  foaps 
with  animal  fat. 

At  Aniane,    and  in   the    neighbourhood   of 

Montpellier,  a  foft  foap  is  prepared  with  a  cauftic 

E  3  lixivium 
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lixivium  of  wood  afhes,  and  the  oil  of  the  marc 

of  olives. 

If  foap  be  expofed  to  diftillation,  the  remit  is 
water,  oil,  and  much  ammoniac  ;  and  there  re- 
mains in  the  retort  a  large  quantity  of  the  alkali 
ufed  in  the  fabrication  of  the  foap.  The  ammo- 
niac which  is  produced  in  this  experiment,  ap- 
pears to  me  to  arife  from  the  combination  of  the 
hydrogenous  gas  of  the  oil  with  the  nitrogene,  a 
conftituent  principle  of  the  fixed  alkali. 

Soap  is  foluble  in  pure  water;  but  it  forms 
curds,  and  is  decompofed  in  water  abounding 
with  fulphates :  becaufe  the  fulphuric  acid 
feizes  the  alkali  of  the  foap  ;  while  the  earth 
combines  with  the  oil,  and  forms  a  foap  which 
fwims  at  the  furface. 

Soap  is  likewife  foluble  in  alcohol  by  the  affift- 
ance  of  a  gentle  heat ;  and  forms  the  eflence  of 
foap,  or  opodeldoc,  which  may  be  fcented  at 
pleafure. 

Soaps  are  capable  of  combining  with  a  larger 
quantity  of  oil,  and  rendering  it  foluble  in  wa^ 
ter.  Hence  their  property  of  cleanfing  cloths, 
linens,  &c.  They  are  ufed  as  deobftruents  in 
medicine. 

4.  The  fixed  oils  unite  likewife  with  acids, 

MerTrs.  Achard,  Cornette,  and  Macquer,  have 

attended  to  thefe  combinations.     Achard  gra- 

5  dually 
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dually  adds  the  concentrated  fulphuric  acid  to 
the  fixed  oil ;  the  mixture  being  triturated,  a 
mafs  is  obtained  which  is  foluble  in  water  and 
in  alcohol. 

The  fuming  nitric  acid  immediately  turns  the 
fixed  oils  black,  and  fets  fire  to  mch  as  are 
drying.  It  is  in  this  cafe  dccompofed  with  a 
rapidity  fo  much  the  greater,  as  the  oil  has  a 
greater  affinity  wTith  the  oxigene.  On  this  ac- 
count it  is  that  the  inflammation  of  the  drying 
oils  is  more  eafily  effected  than  that  of  the. 
others. 

Thofe  acids  whofe  constituent  parts  adhere 
mod  ftrongly  together,  have  but  a  very  feeble 
action  on  oils ;  a  circumftance  which  proves 
that  the  effect  of  acids  upon  oils  is  principally 
owing  to  the  combination  of  their  oxigene. 

It  is  by  virtue  of  this  flrong  affinity  of  oils 
with  oxigene,  that  they  poflefs  the  power  of 
reviving  metals.  The  oxigene  then  quits  the 
metal,  and  unites  with  the  oils,  which  become 
thick  and  coloured.  It  likewife  follows  from 
hence  that  drying  oils  ought  to  be  preferred  for 
this  ufe  ;  and  we  find  that  practice  agrees  with 
theory  in  this  refpect. 


E  4  DIVI- 
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DIVISION    II. 

Concerning  Volatile  Oils. 

Fixed  oil  is  combined  with  mucilage,  vola- 
tile oil  with  tHe  fpiritus  rector,  or  aroma  ;  and  it 
is  this  combination, or  mixture  which  conftitutes 
the  difference  between  them.  The  volatile  oils 
are  characterized  by  a  ftrong  fmell,  more  or  lefs 
agreeable  ;  they  are  foluble  in  alcohol,  and  have 
a  penetrating  and  acrid  tafte.  All  the  aromatic 
plants  contain  volatile  oil,  excepting  thofe 
whole  fmell  is  very  tranfient,  fuch  as  jafmin, 
violets,  lilies,  &c. 

The  volatile  oil  is  fometimes  dinributed 
through  the  whole  plant,  as  in  the  Bohemian 
angelica ;.  fometimes  it  exifts  in  the  bark,  as  in 
cinnamon.  Balm,  mint,  and  the  greater  abfi  nth  e, 
contain  their  oils  in  the  Hem  and  leaves ;  eli- 
campane,  the  iris  of  Florence,  and  the  caryo- 
phyllata,  in  the  root.  All  the  refinous  trees 
contain  it  in  their  young  branches  ;  rofemary, 
thyme,  and  wild  thyme,  contain  their  efTential 
oils  in  their  leaves  and  buds  \  lavender,  and  the 
rofe,  in  the  calyx  of  their  flowers  ;  camomile, 
lemon,  and  orange  trees,  in  the  petals.  Many 
fruits  contain  it  through  their  whole  fubftance> 
fuch  as  pepper,  juniper,  &c.  Oranges  and  le- 
mons 
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mons  in  the  zeft  and  peeling  which  inclofe 
them.  The  feeds  of  umbelliferous  plants,  fuch 
as  anife  and  fennel,  have  the  vehicles  of  efien- 
tial  oil  arranged  along  the  projecting  lines  upon 
their  fkin  :  the  nutmeg  tree  contains  its  effen- 
tial  oil  in  the  nut  itfelf. — See  E  Introduction  a 
V Etude  du  Regne  Veg.  par  M.  Buquet,  p.  209 — 
212. 

The  quantity  of  volatile  oil  varies  according 
to  the  Hate  of  the  plant.  Some  afTord  molt 
when  green,  others  when  dry;  but  the  latter  con- 
stitute the  fmalleft  number.  The  quantity  like- 
wife  varies  according  to  the  age  of  the  plant, 
the  foil,  the  climate,  and  the  time  of  ex- 
tra clion. 

The  volatile  oils  likewife  differ  in  their  con- 
fidence. Some  are  very  fluid,  as  thofe  of  la- 
vender, rofemary,  and  rue;  the  oils  of  cinnamon 
and  faflafras  are  thicker  :  there  are  fome  which 
conftantly  preferve  their  fluidity  ;  others  which 
become  concrete  by  the  flighteft  impreflion  of 
cold,  as  thofe  of  anifeed  and  fennel :  others 
again  poilefs  the  concrete  form,  fuch  as  thofe  of 
rofes,  of  pariley,  and  of  elicampanc. 

The  volatile  oils  likewife  vary  in  their  colour. 
The  oil  of  rofes  is  white  ;  that  of  lavender,  of  a 
light  yellow  :  that  of  cinnamon,  of  a  brown  vel- 
low;  the  oil  of  camomile  is  of  a  fine  blue;  that 

of 
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of  millefoil,  of  a  fea-green ;    that   of  par/ley, 
green,  &c. 

The  weight  is  Iikewife  different  in  the  dif- 
ferent kinds.  The  oils  of  our  climates  are  in 
genera]  light,  and  fwim  upon  water ;  others  are 
nearly  of  the  fame  weight  -;  and  others  are  hea- 
vier, fuch  as  the  oils  of  faffafras  and  of  cloves. 

The  fmells  of  eflential  oils  vary  according  to 
thofe  of  the  plants  which  produce  them. 

The  tafte  of  the  volatile  oils  in  general  is 
hot ;  but  the  tafte  of  the  plant  does  not  always 
influence  that  of  the  oil  :  for  example,  the  oil 
of  pepper  has  no  acrimony,  and  that  which  is 
obtained  from  wormwood  is  not  bitter. 

We  are  acquainted  with  two  methods  of  ex- 
tracting the  volatile  oils — expreffion  and  diftil- 
lation. 

1 .  Thofe  oils  which  are,  as  it  were,  in  a  naked 
Hate,  and  contained  in  projecting  and  vifible 
receptacles,  are  obtained  by  expreffion.  Such 
are  thofe  of  citrons,  oranges,  cedrat,  and  berga- 
motte ;  the  oil  iflues  out  of  the  fldn  of  thefe 
fruits  when  prefled.  It  may  therefore  be  pro- 
cured by  ftrong  prefmre  of  the  peeling  againrt 
an  inclined  glafs.  In  Provence  and  in  Italy 
they  are  rafped ;  by  which  means  the  veficles 
are  torn,  and  the  oil  flows  into  the  veflel  deftined 
to  receive  it :  this  oil  fufTers  the  parenchyma 

which 
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which  goes  along  with  it  to  fubfide,  and  be- 
comes clear  by  {landing. 

If  a  lump  of  fugar  be  rubbed  againft  thefe 
veficles,  it  imbibes  the  volatile  oils ;  and  forms 
an  oleo-faccbarum,  foluble  in  water,  and  very 
proper  to  give  an  aromatic  flavour  to  certain 
liquids. 

2.  Diftillation  is  the  method  moil  commonly 
ufed  in  the  extraction  of  volatile  oils.  For  this 
purpofe,  the  plant  or  fruit  which  contains  the 
oil  is  placed  in  the  boiler  or  body  of  the  alembic. 
A  quantity  of  water  is  then  poured  in,  fufricient 
to  cover  the  plant,  and  the  water  is  heated  to 
ebullition.  The  oil  which  rifes  with  this  de- 
gree of  heat,  comes  over  with  the  water,  and  is 
collected  at  the  furface  in  a  particular  receiver, 
called  the  Italian  receiver,  which  fufrers  the 
furplus  of  water  to  efcape  by  a  fpout  ifluing 
from  the  belly  of  the  veflel,  whofe  orifice  is 
lower  than  that  of  the  neck  of  the  receiver;  fo 
that  by  this  means  the  oil  is  collected  in  the 
neck,  without  a  poflibility  of  its  efcaping. 

The  water  which  paries  over  in  diftillation  is 
more  or  lefs  charged  with  oil,  and  the  odorant 
principle  of  the  plant,  and  forms  what  is  known 
by  the  name  of  Diftilled  Water.  Thefe  waters 
ought  to  be  returned  again  into  the  cucurbit 
when  the  fame  kind  of  plant  is  again  diftilled ; 

becaufe, 
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becaufe,  being  faturated  with  oil,  and  the  aro- 
matic principle,  they  contribute  to  augment  the 
ulterior  product. 

When  the  oil  is  very  fluid  or  very  volatile,  it 
is  ncceflary  to  annex  a  worm  pipe  to  the  alem- 
bic, and  to  have  the  precaution  of  keeping  the 
water  at  a  very  cold  temperature ;  but  when,  on 
the  contrary,  the  oil  is  thick,  the  worm  pipe 
muff:  be  removed,  and  the  water  of  the  refrige- 
ratory kept  at  a  moderate  temperature.  In  the 
firft  way,  the  oils  of  balm,  mint,  fage,  lavender, 
camomile,  <kc.  may  be  diftilled ;  and,  by  the 
fecond,  the  oils  of  rofes,  of  elicampane,  of  par£- 
ley,  of  fennel,  of  cumin,  &c. 

The  oil  of  cloves  may  likewife  be  extracted 
by  diftillation  per  defcenfum,  which  is  deter- 
mined by  applying  the  fire  above  the  mate- 
rial. 

Volatile  oils  are  very  fubjecT:  to  be  adulterated, 
either  by  mixture  with  fat  oils,  or  with  other 
eilential  oils,  fuch  as  that  of  turpentine,  which  is 
cheaper;  or  by  mixing  them  with  alcohol.  In  the 
firft  cafe  the  fraud  is  eafily  detected — i.  By  dif- 
tillation,  becaufe  volatile  oils  rife  at  the  heat  of 
boiling  water.  2.  By  foaking  paper  with  a 
fpot  or  trace  of  the  mixture,  and  ex  poling  it  to 
a  degree  of  heat  fufficicnt  to  drive  off  the  vola- 
tile oil.  3.  By  means  of  alcohol,  which  be- 
comes 
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comes  turbid  and  milky  by  the   infolubility  of 
the  fixed  oil. 

The  volatile  oils  which  have  a  very  ftrong 
fmell,  fuch  as  thofe  of  thyme  and  lavender,  are 
often  fophifticated  by  oil  of  turpentine.  In  this 
cafe  the  fraud  may  be  difcovered  by  foaking 
a  fmall  piece  of  cotton  in  the  mixture,  and  leav- 
ing it  expofcd  to  the  air  a  fufficient  time  for  the 
fmell  of  the  good  oil  to  be  diffipated,  and  leave 
only  that  of  the  adulteration.  The  fame  end 
may  be  anfwered  by  rubbing  a  fmall  quantity  of 
the  mixture  on  the  hand,  in  which  the  peculiar 
fmell  of  oil  of  turpentine  is  developed.  Thele 
oils  are  likewife  falfified  by  digefting  the  plant  in 
oil  of  olive  before  diftillation.  In  this  manner 
the  oil  of  camomile  is  prepared. 

The  very  light  oils,  fuch  as  thofe  of  cedrat  or 
bergamotte,  are  often  mixed  with  a  fmall  quan- 
tity of  alcohol.  This  fraud  is  eafily  detected 
by  the  addition  of  a  few  drops  of  water,  which 
immediately  become  white,  beeaufe  the  ai- 
oohol  abandons  the  oil  to  unite  with  the 
water. 

The  volatile  oils  are  capable  of  uniting  with 
oxigene,  with  alkalis,  and  with  acids. 

i.  Volatile  oils  abforb  oxigene  with  greater 
facility  than  the  fixed  oils.  They  become  co- 
loured by  the  abforption,  grow  thicker,  and  pafs 

to 
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to  the  flate  of  refin  ;  and  when  they  are  thick- 
ened to  this  point,  they  are  no  longer  capable 
of  fermenting,  but  fecure  from  all  putrefaction 
fuch  bodies  as  are  penetrated  and  well  impreg- 
nated with  them.  On  this  is  founded  the  theory 
of  embalming. — The  action  of  acids  upon  thefe 
oils,  caufes  them  to  pafs  to  the  ftate  of  refin  ; 
and  there  is  no  other  difference  between  volatile 
oil  and  refin,  than  that  which  arifes  from  this 
addition  of  oxigene. 

All  the  oils,  when  they  afliime  the  character  of 
refin  by  this  combination  of  oxigene,  let  fall 
needle-formed  cryftals  of  camphor.  Mr.  Geof- 
froy  has  obferved  them  in  the  oil  of  fever- 
few, marjoram,  and  turpentine.  Acad.  1721, 
p.  163. 

When  the  oil  is  changed  by  the  combination 
of  oxigene,  it  gradually  lofes  its  fmell  and  vola- 
tility. To  reflore  this  oil  to  its  origin al  ftate,  it 
is  diftilled.  A  thick  matter  remains  in  the  dis- 
tilling veflel,  which  confifts  of  refin  perfectly 
formed,  and  is  thus  feparated  from  the  oil, 
which  has  not  yet  undergone  the  fame  altera* 
tion. 

2.  The  habitudes  of  acids  are  not  the  fame 
with  all  volatile  oils.  1.  The  concentrated  ful- 
phuric  acid  thickens  them ;  but,  if  it  be  diluted,  it 
forms  favonules.  2.  The  nitric  acid,  when  con^ 

centrated. 
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centratcd,  inflames  them  ;  but,  when  diluted,  it 
caufes  them  gradually  to  pais  to  the  ftate  of 
refin.  Borrichius  appears  to  have  been  the  firit 
who  inflamed  oil  of  turpentine  with  the  liilphuric 
acid,  without  the  nitric  acid.  Homberg  re- 
peated this  delicate  experiment  with  the  other 
volatile  oils.  The  inflammation  of  oils  is  lb 
much  the  more  eafily  effected,  as  the  oil  is  more 
drying  or  greedy  of  oxigene,  and  the  acid  more 
caiily  dccompoled.  3.  The  muriatic  acid  re- 
duces oils  to  the  faponaceous  ftate,  but  the 
oxigenated  muriatic  acid  thickens  them. 

3.  Starkey  appears  to  have  been  one  of  the 
firft  who  attempted  to  combine  a  volatile  oil 
with  a  fixed  alkali.  His  procefs  is  long  and 
complicated,  like  thofe  of  the  alchemifts ;  and 
the  combination  it  afforded  was  known  by  the 
name  of  Starkey 's  Soap.  The  procefs  of  this 
chemift  was  fo  long  merely  becaufe  he  ufed 
the  carbonate  of  potafh,  or  mild  vegetable  al- 
kali ;  but  if  ten  parts  of  cauftic  alkali,  or  lapis 
caufticus,  be  triturated  hot  with  eight  parts  of 
oil  of  turpentine,  the  foap  is  inftantaneoufly 
formed,  and  becomes  very  hard.  This  is  the 
procefs  of  Mr.  Geoffroy. — Acad.  de,s  Sciences, 
ami.  1 7 
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Concerning  Camphor. 

Camphor  is  obtained  from  a  fpecies  of  laurel 
which  grows  in  China  and  Japan.  Some  travel-* 
lers  affirm  that  the  old  trees  contain  it  fo  abund- 
antly, that  on  fplitting  the  trunk  it  is  found  in' 
large  tears,  fb  pure  as  to  have  no  need  of  recti- 
fication. To  extract  the  camphor,  the  roots  of 
Ihe  trees  sre  ufually  chofen ;  or,  in  want  of  thefe^ 
all  the  other  parts  of  the  tree.  Thefe  are  put> 
together  with  water,  into  an  iron  alembic,  which 
is  covered  with  its  head.  The  capital  is  fitted 
up  internally  with  ccrds  of  rice  Uraw,  the  joinings 
are  luted,  and  the  diftillation  proceeded  upon. 
Part  of  the  camphor  fublimes,  and  attaches  itfelf 
to  the  ftraw  within  the  head  ;  while  another  por- 
tion is  carried  into  the  receiver  with  the  water. 
The  Hollanders  purify  camphor  by  mixing 
an  ounce  of  quick  lime  with  every  pound  of 
the  fubftance,  and  fubliming  it  in  large  glafs 
vefTels. 

Camphor,  thus  purified,  is  a  white  concrete 
cryftalline  fubftance,  of  a  flrong  fmell  and  tafte, 
foluble  in  alcohol,  burning  with  a  white  flame, 
and  leaving  no  refidue  :  refembling  volatile  oils 
in  many  refpecls,  but  differing  from  them  in 
certain  properties ;  fuch  as  that  of  burning  with- 
out 
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certain  properties;  fuch  as  that  of  burning  with- 
out a  refidue ;  of  diflblving  quietly,  without  de- 
compofition  or  alteration,  in  acids;  and  of  being 
volatilized  by  a  gentle  heat,  without  change  of 
its  nature. 

Camphor  is  obtained  by  diftillation  from  the 
roots  of  zedoary,  thyme,  rofemary,  fage,  the 
inula  helenium,  the  anemony,  the  pafqus 
flower  or  pulfatilla,  &c.  And  it  is  to  be 
obferved,  that  all  thefe  plants  afford  a  much 
greater  quantity  of  camphor  when  the  fap  has 
been  fuffered  to  pafs  to  the  concrete  ftate,  by  a 
deficcation  of  feveral  months.  Thyme  and  pep- 
permint, {lowly  dried,  afford  much  camphor ; 
whereas  thefrefh  plants  afford  volatile  oil;  moft 
of  the  volatile  oils^  in  paffing  to  the  ftate  of  refin, 
alfo  let  fall  much  camphor.  Mr.  Achard  has 
likewife  obferved  that  a  fmell  of  camphor  was 
difengagcd  when  he  treated  the  volatile  oil  of 
feunel  with  acids.  The  combination  of  the  di- 
luted nitric  acid  with  the  volatile  oil  of  anife, 
afforded  him  a  large  quantity  of  cryftals,  whicri 
pofleffed  moft  of  the  properties  of  camphor.  He 
obtained  a  fimilar  precipitate  by  pouring  the 
vegetable  alkali  upon  vinegar  faturated  with  the 
volatile  oil  of  angelica. 

From  all  thefe  facls  it  appears,  that  the  bafe 
of  camphor  forms  one  of  the  constituent  princi- 

Vol.  III.  F  pies 
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pies  of  fome  volatile  oils  ;  but  it  is  in  the  liquid 
ftate,  and  does  not  become  concrete  but  by 
combining  with  oxigene. 

Camphor  is  capable  of  cryftallization,.  accord- 
ing to  Mr.  Romieu,  whether  in  fublimation,  or 
when  it  is  flowly  precipitated  from  alcohol,  or 
when  alcohol  is  fuperfaturated  with  it ;  it  preci- 
pitates in  flender  filaments,  cryftallizes  in  hexa- 
gonal blades  attached  to  a  common  axis,  and  it 
fublimes  in  hexagonal  pyramids  or  in  polygonal 
eryftals. 

Camphor  is  not  foluble  in  water;  but  it  com- 
municates its  fmell  to  that  fluid,  and  burns  on  it*r 
furface.  Romieu  has  obferved  that  fmall  pieces- 
of  camphor,  of  one-third  or  one-fourth  of  a  line 
in  diameter,  being  placed  on  the  furface  of  pure- 
water  in  a  glafs,  have  a  rotatory  motion  :  and 
this  appears  to  be  an  electrical  phenomenon  ;. 
for  the  motion  ccafcs  if  the  water  be  touched 
with  a  conducting  fubftance  ;  but  continues  if  it 
be  touched  with  an  infulating  body,  fuch  as  glafs, 
fulphur,  or  refin.  Bergen  has  obferved  that  cam- 
phor does  not  turn  upon  hot  water. 

Acids  diffolve  camphor  without  producing 
any  alteration  in  it,  or  becoming  themfeives  de- 
eompofed:  the  nitric  acid  diilblves  it  quietly; 
and  thisfolution  has  been  called  Oil  of  Camphor. 
Camphor  precipitated  from  its  folution  in  acids 
&  by 
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by  the  addition  of  alkalis,  is  heavier,  harder,  and 
much  lefs  combuftible,  according  to  the  expe- 
riments of  Mr.  Kofegartcn.  By  diftilling  the 
nitric  acid  feveral  times  from  this  fubftance,  it 
acquires  all  the  properties  of  an  acid  which 
cryftallizes  in  parallelopipcdons.  To  obtain  the 
camphoric  acid,  nothing  more  is  required  than 
to  diflil  the  acid  at  feveral  times  from  the  cam- 
phor, and  in  a  large  quantity.  Mr.  Kofegarten 
diftilled  the  nitric  acid  eight  times  from  cam- 
phor, and  obtained  a  fait  cryftallized  in  paral- 
lelopipcdons, which  reddened  fyrup  of  violets* 
and  the  tindture  of  turnfole.  Its  tafte  is  bitter; 
and  it  differs  from  the  oxalic  acid  in  not  preci- 
pitating lime  from  the  muriatic  acid. 

With  potafh  it  forms  a  fait  which  cryftallizes 
in  regular  hexagons. 

With  foda  it  affords  irregular  cryftals. 

With  ammoniac  it  forms  cryflalline  mafles, 
which  exhibit  cryftals  in  needles  and  in  prifms. 

With  magnefia  it  produces  a  white  pulverulent 
fait,  which  may  again  be  diflblved  in  water. 

It  diflblves  copper,  iron,  bifmuth,  zinc,  arfe- 
nic,  and  cobalt.  The  folution  of  iron  affords  a 
yellowifh  white  powrder,  which  is  infoluble. 

This  acid  forms  j  with  manganefe,  cryftals 
whofe  planes  are  parallel,  and  in  fome  refpecls 
refemble  bafaltes. 

F  *        »  The 
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The  camphoric  acid,  or  rather  the  radical  of 
this  acid,  exifts  in  feveral  vegetables;  fi nee  cam- 
phor may  be  extracted  from  the  oils  of  thyme, 
of  cinnamon,  of  turpentine,  of  mint,  of  feverfew, 
of  fallafras,  &c.  Mr.  Dehne  has  obtained  it 
from  the  pafque  flower,  or  pulfatilla  ;  and  Car- 
theufer  has  indicated  feveral  other  plants  which 
contain  it. 

Alcohol  readily  diflblves  it,  and  it  may  be  pre- 
cipitated by  water  alone  :  this  folution  is  known 
in  pharmacy  by  the  name  of  Camphorated  Spirit 
of  Wine ;  or  Camphorated  Brandy,  when  brandy 
is  the  folvent. 

The  fixed  and  volatile  oils  likewife  diflblve 
each  other  by  the  afliftance  of  heat ;  the  folia- 
tions let  fall  cryftals  in  vegetation,  fimilar  to 
thofe  which  are  formed  in  the  folutions  cf  fal- 
ammoniac,  compofed  of  very  fine  filaments  ad- 
hering to  a  middle  part.  This  obfervation  was 
made  by  Mr.  Romieu.  Acad,  des  Sciences,  1 756. 

Camphor  is  one  of  the  bell  remedies  which 
the  art  of  medicine  pofTcfTes.  When  applied  to 
inflammatory  tumours,  it  is  refolvent ;  and,  inter- 
nally taken,  it  is  antifpafmodic,  efpecially  when 
diflblved  in  brandy.  It  is  given  in  Germany 
and  in  England  in  the  dofe  of  feveral  drams  per 
day  ;  but  in  France  our  timid  phyficians  do 
not  prefcribe  it   in  a   larger  do,fe  than  a  few 

grains. 
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grains.  It  mitigates  heat  in  the  urinary  paflage. 
It  is  given  triturated  with  yolk  of  egg,  fugar,  &c. 
It  has  likewife  been  fuppofed  that  its  fmell 
cleflroyed  or  drove  away  moths,  and  other  infects 
which  feed  upon  cloth,  &c. 

ARTICLE    III. 

Concerning  Refins. 

The  name  of  Refm  is  ufed  to  denote  inflam- 
mable fub fiances  foluble  in  alcohol,  ufually  af- 
fording much  foot  by  their  combuftion  ;  they 
are  likewife  foluble  in  oils,  but  not  all  in  water. 

All  the  refins  appear  to  be  nothing  elfe  but 
oils  rendered  concrete  by  their  combination  with 
oxigene.  The  expofure  of  thefe  to  the  open  air, 
and  the  decompofition  of  acids  applied  to  them, 
evidently  prove  this  conclufion. 

Refins  in  general  are  lefs  fweet  than  the  bal- 
fams.  They  afford  more  volatile  oil,  but  no 
acid,  by  diftillation. 

There  are  fome  among  the  known  refins  which 
are  very  pure,  and  perfectly  foluble  in  alcohol, 
fuch  as  the  balm  of  Mecca  and  of  Copahu,  tur- 
pentines, tacamahaca,  elemi :  others  are  lefs 
pure,  and  contain  a  fmall  portion  of  extract^ 
F  3  which 
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which  renders  them  not  totally  foluble  in  al- 
cohol ;  fuch  are  mafiic,  fandarach,  guaiacum, 
laudanum,  and  dragon's  blood. 

1.  The  balfam  of  Mecca  is  a  fluid  juice  which 
becomes  thick  and  brown  by  age.  It  flows 
from  incifions  made  in  the  amyris  opobal- 
famum.  It  is  known  by  the  different  names  of 
Balm  of  Judea,  of  Egypt,  of  Grand  Cairo,  of 
Syria,  of  Conftantinople,  &c. 

Its  fmell  is  ftrong,  and  inclining  to  that  of 
lemons  ;  its  tafle  is  bitter  and  aromatic. 

This  balfam,  diftillcd  by  the  heat  of  boiling 
water,  afFqrds  much  volatile  oilr 

It  is  balfamic ;  and  is  given  incorporated 
with  fugar,  or  mixed  with  the  yolk  of  egg.  It 
is  aromatic,  vulnerary,  and  healing. 

2.  The  balfam  of  Copahu  flows  from  a  treo 
called  Copaiba,  in  South  America,  near  Tolu, 
Jt  affords  the  fame  products,  and  poflcfl^s  the 
fame  virtues,  as  the  foregomg. 

3.  The  turpentine  of  Chjos  flows  from  the 
turpentine  tree,  which  affords  the  piftachios.  It 
is  fluid,  and  of  a  yeljowiih  white  colour  inclining 
to  blue* 

This  plant  grows  in  Cyprus,  at  Chios,  apd  is 
common  in  the  fouth  of  France.  The  tur- 
pentine is  obtained  only  from  the  trunk  and 
large  branches,     Jncifipns  are  made  firjft  at  the 

Jowep 
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lower  part  of  the  tree,  and  afterwards  by  degree* 
higher  up. 

This  turpentine,  distilled  on  the  water-bath, 
without  addition,  affords  a  very  white,  very 
limpid,  and  very  fragrant  volatile  oil :  a  more 
ponderous  oil  may  be  extracted  at  the  heat  of 
boiling  water ;  and  the  refidue,  which  is  called 
Boiled  Turpentine,  affords  by  diftillation,  in  the 
reverberatory  furnace,  a  weak  acid,  a  fmali  quan- 
tity of  brown  con  Client  oil,  and  much  coal. 

The  turpentine  of  Chios  is  very  rare  in  com- 
merce. Venice  turpentine  is  extracted  from  the 
Jarix:  its  colour  is  a  bright  yellow,  its  confid- 
ence limpid,  its  fmell  ftrong  and  aromatic,  and 
its  tafte  bitter. 

The  tree  which  affords  it  is  that  which  affords 
manna.  Holes  are  bored  during  the  fummer 
near  the  bottom  of  the  trunks  of  thefe  trees,  into 
which  fmall  gutters  or  tubes  are  inferted,  to  con- 
vey the  juice  into  veflels  intended  to  receive  it. 
The  refin  is  obtained  only  from  trees  in  full 
vigour  ;  the  old  trees  very  often  have  considera- 
ble depofitions  of  refin  in  their  trunks. 

This  turpentine  affords  the  fame  principles  as 
that  of  Chios. 

It  is  ufed   in   medicine  as  a  detergent  for 
ulcers  in  the  lungs,   kidneys,   &c.   either   in- 
corporated   with    fugar,    or    mixed    will:    the 
F  4  yolk 
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yolk  of  an  egg,  to  render  it  more  mifcible  with 
aqueous  potions.  The  foap  of  Starkey,  which 
we  have  fpoken  of  under  the  article  of  Volatile 
Oils,  is  made  with  this  turpentine. 

The  refin  known  in  commerce  by  the  name 
of  Strafburgh  Turpentine,  is  a  refinous  juice  of 
the  confiftence  of  a  fixed  oil,  of  a  yellowifh  white 
colour,  a  bitter  taite,  and  a  more  agreeable  fmell 
than  the  preceding  refins. 

It  flows  from  the  yew-leaved  fir,  which  is  very 
common  in  the  mountains  of  Switzerland.  This 
refin  is  collected  in  blifters,  which  appear  be- 
neath the  bark  in  the  ftrong  heats  of  fummer. 
The  peafants  pierce  thefe  vcficles  with  the  point 
of  a  (mail  horn,  which  becomes  filled  with  the 
Juice,  and  is  from  time  to  time  emptied  into  a 
larger  vefifel, 

The  balm  of  Canada  differs  from  the  tur- 
pentine of  the  fir  in  its  fmell  only,  which  is 
more  pleafant.  It  is  obtained  from  a  fpecies  of 
fir  which  grows  in  Canada. 

Oil  of  turpentine  is  more  particularly  ufed 
in  the  arts.  It  is  the  great  folvent  for  all  refins; 
and,  as  it  evaporates,  it  leaves  them  applied  to 
the  furface  of  bodies  on  which  the  mixture  has 
been  fpread.  As  refins  are  the  bafis  of  all  var- 
nifhes,  alcohol  and  oil  of  turpentine  muft  be 
the  vehicles  or  folvents. 

4.  Pitch 
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4.  Pitch  is  a  refinous  juice,  of  a  yellow  co- 
lour, more  or  lefs  inclining  to  brown.  It  is 
afforded  by  a  fir  named  Picea  or  Epicea.  In- 
cifions  are  made  through  the  bark;  and  the 
wound  is  renewed  from  time  to  time,  as  the 
lips  become  callous.  A  vigorous  tree  often 
affords  forty  pounds. 

Pitch  melted,  and  exprefled  through  bags  of 

cloth,  is  rendered  purer.   It  is  packed  in  barrels, 

by  the  name  of  White  Pitch,  or  Burgundy  Pitch. 

White  pitch,  mixed  with  lamp-black,  forms 

black  pitch. 

White  pirch  kept  in  fufion  becomes  dry.  The 
deficcation  may  be  facilitated  with  vinegar,  and 
leaving  it  for  a  time  over  the  fire.  It  then  be- 
comes very  dry-,  and  is  called  Colophony. 

Lamp-black  is  the  foot  of  burned  pitch.  It 
is  likewife  prepared  by  collecting  the  foot  of 
pit-coal. 

5.  Galipot  is  a  concrete  refinous  juice,  of  a 
yellowifh  white  colour  and  firong  fmell.  This 
juice  comes  from  Guienne,  where  it  is  afforded 
by  two  fpecies  of  pine,  the pruis  maritima  major, 
et  minor. 

.  When  thefe  trees  have  acquired  a  certain  fize, 
a  hole  or  notch  is  cut  through  the  bark,  near 
the  bottom  of  the  trunk.  The  refin  iffues  out, 
and  flows  into  veflels  placed  beneath  to  receive 

it. 
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it.  Care  is  taken  to  keep  the  wound  open,  and 
to  renew  it.  The  refm  flows  during  the  fum- 
mer ;  but  that  which  ifliies  out  during  the  fpring, 
autumn,  and  winter,  dries  againft  the  tree* 

The  pine  likewife  affords  tar,  and  the  oil 
called  faille  de  Cade,  For  this  purpofe  the 
wood  of  the  trunk,  branches,  and  roots,  is 
heaped  together  and  covered  with  turf,  over 
which  a  fire  is  lighted,  as  if  to  convert  them 
into  charcoal.  The  oil  which  is  difcngaged, 
not  being  at  liberty  to  efcape,  falls  to  the  bot- 
torn  into  a  channel  or  gutter,  which  conveys 
it  into  a  tub.  The  moft  fluid  part  is  fold  un- 
der the  name  of  hulle  de  Cade ;  and  the  thicker 
part  is  the  tar  ufed  for  paying  or  painting  the 
parts  of  fhipping  and  other  vetlels, 

The  combination  of  feveral  reiins,  coloured 
by  cinnabar  and  minium,  forms  fealing-wax. 
To  make  the  wax,  take  half  an  ounce  of  gum- 
lac,  two  drams  of  turpentine,  the  fame  quan- 
tity of  colophony,  one  dram  of  cinnabar,  and 
the  fame  quantity  of  minium.  The  lac  and 
the  colophony  are  to  be  firfl  fufed,  after  which 
the  turpentine  is  to  be  added,  and  laftly  the  co- 
louring matters. 

6.  Mafiic  has  the  form  of  white  tears  of  a 
farinaceous  appearance,  having  little  fmell,  and 
a  bitter  aftringent  tafte,    Mafiic  flows  naturally 

from, 
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from  the  tree,  but  its  produce  is  accelerated 
by  incifions*  The  lefler  turpentine  tree,  and 
the  lentifcus,  afford  that  which  is  met  with  in 
commerce. 

Maftic  affords  no  volatile  oil  when  diflilled 
with  water.  It  is  almofl  totally  foluble  in  al- 
cohol. 

This  refin  is  ufed  in  fumigations.  It  is 
chewed,  to  ftrengthen  the  gums ;  and  it  forms 
the  bails  of  feveral  drying  varnifhes. 

7.  Sandarach  is  a  concrete  refinous  juice,  in 
dry  white  traniparent  tears,  of  a  bitter  and  as- 
tringent tafte.  It  is  obtained  from  moil  fpecies 
of  the  juniper,  and  is  found  between  the  bark 
and  the  wood. 

Sandarach  is  almoft  totally  foluble  in  alcohol, 
with  which  it  forms  a  very  white  varnifh,  that 
dries  fpecdily.  For  this  reafon,  the  refin  itfelf 
is  known  by  us  under  the  name  of  Varnifh 
(vends). 

8.  Labdanum  is  a  black  refinous  juice,  dry 
and  friable,  of  a  ftrong  fmell,  and  a  difagreea- 
ble  aromatic  tafte.  It  tranfudes  from  the  leaves 
and  branches  of  a  kind  of  ciflus,  which  grows 
in  the  ifland  of  Candia.  Tournefort,  in  his 
Voyage  to  the  Levant,  informs  us  that  when 
the  air  is  dry,  and  the  refin  iffues  out  of  the 
pores  of  the  ciflus,  the  peafants  ftrike  all  the 

parts 


^  6  Various  Refmous  Suhjlancts. 

parts  of  thefe  trees  with  a  kind  of  whip,  made 
of  feveral  thongs  of  leather,  fixed  to  the  end  of 
a  flaif.  The  juice  adheres  to  the  leather,  and 
is  cleared  off  with  a  knife.  This  is  pure  lab- 
danum,  and  is  very  rare.  That  which  is  known 
by  the  name  of  labdanum  in  tortls,  is  mixed 
with  a  very  fine  ferruginous  fand,  for  the  pur- 
pofe  of  increafing  its  weight. 

9.  Dragon's  blood  is  a  refin  of  a  deep  red  in 
the  mafs,  but  brighter  when  in  powder.  It  has 
neither  tafte  nor  fmell. 

It  is  obtained  from  the  drakena^  in  the  Ca- 
nary iflands,  from  which  it  flows  in  tears  dur- 
ing the  dog-days.  It  is  alfo  obtained  from  the 
ptero-carpus  draco.  The  parts  are  expofed  to 
the  vapour  of  hot  water ; -the  juice  hTues  out  in 
drops,  which  are  collected  and  wrapped  up  in 
the  leaves  of  reeds. 

The  dragon's  blood  of  the  fhops,  which  has 
the  form  of  flattened  orbicular  loaves,  is  a  com- 
pofition  of  various  gums,  to  which  this  form 
is  given,  after  they  have  been  coloured  with  a 
final!  quantity  of  dragon's  blood. 

Dragon's  blood  is  folublc  in  alcohol :  the  fb- 
lution  is  red:  the  refin  itfelfmay  be  precipi- 
tated of  the  fame  colour. 

This  refin  is  ufed  in  medicine  as  an  aftrin- 


gent. 
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ARTICLE      IV. 

Concerning  Balfams. 

Some  authors  define  balfams  to  be  fluid 
"flammable  fubftances;  but  there  are  fbme 
which  are  dry.  Others  again  give  this  name 
to  the  mod  fragrant  among  the  refins.  M. 
Bucquet  has  confined  this  denomination  to 
fuch  refins  only  as  have  a  fwcet  flavour,  capa- 
ble of  being  communicated  to  water;  and  which 
more  efpecially  contain  fragrant  acid  and  con- 
crete falts,  which  may  be  feparated  by  decoc- 
tion or  fublimafion.  It  appears  therefore  that 
thefe  fubftances  contain  a  principle  not  found 
in  refins>  which,  combining  with  oxigene,  forms 
an  acid ;  while  the  oil,  faturated  with  the  fame 
air,  forms  the  refin.  This  acid  fait  is  foluble 
in  water  and  alcohol.  As  the  chemical  analy- 
sis points  out  a  fufficiently  finking  difference 
between  balfams  and  refins,  we  think  it  proper 
to  treat  them  feparately. 

The  fubftances  called  Balfams  are  therefore 
refins  united  with  a  concrete  acid  fait.  We 
are  acquainted  with  three  principal  kinds ;  viz. 
benzoin,  the  balfam  of  Tolu,  and  the  ftorax 
calamita. 

1.  Benzoin 


y  8  Varieties  of  Benzoin. 

i.  Benzoin  is  a  coagulated  juice,  of  a  plea-* 
fant  fragrant  fmell,  which  becomes  Wronger  by 
friction  and  beat. 

Two  varieties  of  this  fubftance  are  known ; 
the  benzoe  amygdaloides,  and  the  common  ben- 
zoin. The  firft  is  compofed  of  the  moil  beau- 
tiful tears  of  this  balfam,  connected  together 
by  a  gluten  of  the  fame  nature,  but  browner, 
and  of  the  afpect  of  nutmegs  in  its  frac- 
ture. The  fecond  is  merely  the  juice  itfelf^ 
without  any  mixture  of  thefe  fine  and  very 
pure  tears.  It  comes  to  us  from  the  kingdom 
of  Siam,  and  the  ifland  of  Sumatra ;  but  we  do 
not  know  the  tree  that  affords  it  *. 

Benzoin,  laid  upon  hot  coals,  fufes,  fpeedily 
takes  fire,  and  emits  a  ftrong  aromatic  fmell. 
But  if  it  be  merely  heated,  without  fetting  it  on 
fire,  it  fwells  up,  and  emits  a  more  pleafant 
though  Iefs  powerful  fmell. 

Benzoin  pounded,  and  boiled  in  water,  affords 
an  acid  fait,  which  cryftallizes  in  long  needles 
by  cooling.  This  fait  may  alfo  be  extracted  by 
fublimation.  It  rifes  by  a  degree  of  heat  even 
lefs  than  that  which  is  required  to  raife  the  oil  of 
benzoin  ;  and  this  is  the  fubitance  called  Flow- 
ers of  Benzoin,  or  the  Sublimed  Acid  of  Benzoin. 

*  For  a  drawing  and  defcription  of  this  tree,  confult 
Dryander,  in  the  Phil.  Tranf.  voUlxxvii.  No.  31, 

Neither 
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Neither  of  thefe  proce/Ies  is  oeconomical ;  and 
in  the  preparation  of  thefe  articles,  in  the  large 
way,  I  begin  by  diftilling  the  benzoin,  and 
caufe  all  the  products  to  pafs  confounded  to- 
gether into  a  capacious  receiver.  I  then  boil 
the  product  in  water,  and  by  this  means  I  ob- 
tain a  much  greater  quantity  of  the  fait  of  ben- 
zoin :  becaufe,  in  this  ftate,  the  water  attacks 
and  diflblves  the  whole  contents ;  whereas  the 
jnoft  accurate  trituration  will  not  produce  the 
lame  effect. 

The  mblimed  acid  of  benzoin  has  a  very  pe- 
netrating aromatic  fmell,  which  excites  cough- 
ing; more  efpecially  if  the  fubliming  veflels  be 
opened  while  yet  hot.  It  reddens  the  fyrup  of 
violets,  and  effervefces  with  the  alkaline  carbo- 
nates. It  unites  with  earths,  alkalis,  and  me- 
tals, and  forms  benzoates,  of  which  Bergmann 
and  Scheele  have  given  us  fome  account. 

Alcohol  diflblves  benzoin  totally,  without 
leaving  any  refidue  but  fuch  foreign  impurities 
as  the  balfam  may  happen  to  contain.  It  may 
be  precipitated  by  the  addition  of  water ;  and 
then  conftitutes  the  opake  fluid  called  Lac  Vir- 
ginale. 

Benzoin  1$  ufed  as  an  aromatic  m-  medicine ; 
but  it  is  feldom  ufed  in  fubftancc,  becaufe  of  its 
fparing  folubility  ;  its  tincture,  and  volatile  acid, 

are 
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are  ufed.  The  latter  is  a  good  incifive  medi-^ 
cine  to  be  adminiftered  in  pituitous  obfiruclions 
of  the  lungs,  the  kidneys,  8cc.  It  is  given  in 
extracts,  or  diflblved  in  water. 

Benzoin  is  employed  in  fumigations  for  indo-* 
lent  tumours.  The  oil  is  likewife  an  excellent 
refolvent.  It  is  applied  by  friction  to  members 
affected  with  cold  rheumatic  and  paralytic  dis- 
orders. 

2.  The  balfam  of  Tolu,  of  Peru,  or  of  Car- 
thagena,  has  a  mild  and  pleafant  fmelL 

It  is  met  with  in  commerce  in  two  different 
forms;  either  in  fhells,  or  in  the  fluid  flate. 
The  coco  is  foftened  by  boiling  water,  and 
the  balfam  flows  out  in  the  fluid  form. 

The  tree  which  affords  it,  is  the  Toluifera  of 
Linnaeus.  It  grows  in  South  America,  in  the 
diftrict  called  Tolu,  between  Carthagena  and 
Nombre  de  Dios. 

The  fluid  balfam  affords  much  volatile  oil 
when  diftilled  by  the  heat  of  boiling  water. 

An  acid  fait  may  be  extracted  from  this  bal- 
fam, v/hich  greatly  refembles  that  of  benzoin, 
and  may  be  obtained  by  the  fame  proceffes; 
but  this  fublimed  fait  is  commonly  brown,  be- 
caufe  it  is  foiled  by  a  portion  of  the  balfam, 
v/hich  rifes  with  a  lefs  heat  than  benzoin 
does. 

This 
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This  balfam  is  foluble  in  alcohol,  and  may 
be  precipitated  by  the  addition  of  water. 

It  is  much  ufed  in  medicine.,  as  an  aromatic, 
vulnerary,  and  antiputrefcent  remedy.  It  is  ad- 
ministered either  triturated  with  fu'gar,  or  mixed 
with  fomc  extracl.  A  iyrup  is  prepared  from 
it  by  digefting  it  in  a  gentle  heat  with  fugar ; 
or  by  diiiblving  it  in  alcohol,  adding  fugar,  and 
fuffering  the  alcohol  to  diffipate  fpontaneoufly; 

It  is  falsified  by  macerating  the  diflilled  oil 
of  benzoin  upon  the  buds  of  the  balm-fcented 
poplar,  and  adding  a  lmall  quantity  of  the  natu- 
ral balfam. 

Storax  or  ftyrax  ealamita  is  a  juice  of  a  very 
ftrong  but  very  pleafant  fmell.  Two  varieties 
are  known  in  commerce  :  the  one  in  reddifh 
clean  tears ;  the  other  in  maiTes  of  a  blackifh  red 
colour,  foft  and  fatty. 

The  plant  which  affords  it  is  called  the  ori- 
ental liquid  amber.  It  has  been  long  fuppofed 
to  be  the  ftyrax  folio  mali  cotonaei  C.  B.  which 
is  known  in  Provence,  in  the  wood  of  La  Char- 
treufe  de  Montrieu,  by  the  name  of  Aliboulier  ; 
and,  according  to  Duhamel,  affords  a  very  odo- 
rant  juice,  which  he  took  for  ftorax. 

Its  habitudes  during  analyfis  are  the  fame  as 
the  preceding,  and  it  exhibits  the  jame  pheno- 
mena. 

Vol.  III.  ©  It 
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It  was  formerly  brought  to  us  in  canes  or 
reeds,  whence  its  name  of  ftorax  calamita. 

Thefe  three  balfams  form  the  bafe  of  thofe 
fragrant  paftils  which  are  burned  in  the  cham- 
bers of  the  fick,  to  conceal  or  difguife  bad 
fmells.  Thefe  balfams  arc  made  into  mafles 
by  means  of  gum ;  with  the  addition  of  char- 
coal and  the  nitrate  of  pot-afh,  to  facilitate  com- 
buftion. 

ARTICLE     V. 

Concerning  Gum  Refins. 

The  gum  refins  are  a  natural  mixture  of  ex- 
tract and  refin.  They  feldom  flow  naturally 
from  plants,  but  hTue  out  from  incifions  made 
for  that  purpofe.  They  are  fometimes  white,  as 
in  the  tithymalus  and  the  fig-tree ;  fometimes 
yellow,  as  in  the  chelidonium  :  fo  that  we  may 
confider  thefe  fubftances  as  true  emulfions, 
whofe  conflituent  principles  vary  in  their  pro- 
portions. 

The  gum  refins  are  partly  foluble  in  water, 
and  partly  in  alcohol. 

One  character  of  gum  refins  is,  that  they  ren- 
der water  turbid  in  which  they  are  boiled. 

This  clafs  is  funiciently  numerous ;   but  we 
fhall  only  treat  of  the  principal  fpecies,  and  more 
efpecially  thofe  which  are  ufed  in  medicine. 
6  i.  OK- 
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1.  Olibanum,  or  frankincenfe,  is- a  gum  refin., 
in  tears  of  a  yellowifli  white  colour,  and  tranf- 
parent.  Two  kinds  are  known  in  trade :  the 
male  incenfe,  in  fmall  very  pure  tears ;  and  the 
female  incenfe,  in  large  and  impure  tears. 

The  tree  which  affords  it  is  not  known.  Some 
authors  fuppofe  it  to  be  the  cedar  with  cyprefs 
leaves. 

Olibanum  contains  three  parts  of  refinoua 
matter,  and  one  of  extract.  When  it  is  boiled  in 
Water,  the  folution  is  white  and  turbid,  like  that 
of  all  the  juices  of  this  clafs.  When  it  is  frefh,  it 
affords  a  fmall  quantity  of  volatile  oil. 

Olibanum  is  ufed  in  medicine  as  a  refolvent. 
But  its  chief  ufe  is  in  our  temples,  where  it  has 
been  adopted  as  one  of  the  inflruments  of 
worfhip  of  the  Divinity. 

It  is  ufed  in  hofpitals,  to  difguife  the  fmell  of 
the  putrid  air  which  is  exhaled.  M.  Achard 
has  proved  that  this  proceeding  has  no  other 
effect  than  that  of  deceiving  the  fenfeoffmelling. 

2.  Scammony  is  of  a  blackifh  grey  colour,  a 
bitter  and  acrid  tafte,  and  a  ftrong  naufeous  fmell. 

Two  varieties  are  met  with  in  commerce  ;  one 
of  which  comes  from  Aleppo,  and  the  other 
from  Smyrna.  The  firft  is  paler,  lighter,  and 
more  pure ;  the  fecond  is  black,  heavy,  and 
mixed  with  foreign  fubftances. 

Ga  It 
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It  is  extracted  from  the  convolvulus  Team* 
monia,  principally  from  the  root.  For  this 
purpofe  incifions  are  made  at  the  head  of  the 
root :  it  is  collected  in  mufcle  fhells.  But  moft 
of  that  met  with  in  trade  is  obtained  from  the 
roots  by  expreffion. 

From  the  refults  of  the  analyfis  of  Geoffroy 
and  Cartheufer,  it  appears  that  the  proportion  of 
the  component  parts  varies  in  the  different  fpeci- 
mens  examined.  The  latter  obtained  near  one 
half  of  extract,  whereas  the  former  found  only 
one  fixth. 

Scammony  is  ufed  in  medicine  as  a  purgative, 
in  the  dofe  of  feveral  grains.  When  triturated 
with  fugar  and  almonds,  it  forms  a  very  agree- 
able purgative  emulfion.  When  foftened  by  a 
mixture  of  the  juice  of  liquorice,  or  of  wild 
quinces,  it  forms  the  diagredium. 

3.  Gum  guttse  has  a  reddifh  yellow  colour : 
it  has  no  fmell,  but  its  tafle  is  acrid  and  cauftic. 
Gum  guttae  was  brought  to  Clufius  in  1630. 
It  comes  from  the  kingdom  of  Siam,  from 
China,  and  from  the  ifland  of  Ceylon,  in  cylinders 
of  various  fizes.  The  tree  which  affords  it  is 
called  Coddam  Pulli.  Herman  reports,  from  his 
own  obfervation  as  an  eye  witnefs,  that  a  milky 
and  yellowifh  juice  flows  from  incifions  made  in 
ihefe   trees;  that  this  juice  becomes  thick  by 

the 


Gum  GutU.    JJfa  Foctidd.  85 

the  heat  of  the  fun ;  and  that,  when  it  is  in  a  ftatc 
tit  to  be  handled,  it  is  formed  into  large  globu- 
lar mafles. 

Geoffroy  has  extracted  five  fixths  of  refm  from 
gum  guttse.  Cartheufer  hasafcribed  to  it  more 
extractive  than  refinous  matter. 

Gum  guttae  is  fometimes  ufed  as  a  purgative, 
in  a  dofe  of  a  few  grains.  But  the  principal  ufe  of 
this  fubftance  is  in  painting,  where  it  is  recom- 
mended by  the  beauty  of  its  colour. 

4.  AfTa  foetida  is  met  with  in  tears  of  a  yel- 
lowiih  white  colour ;  but  moft  commonly  in  the 
form  of  loaves  formed  by  the  aggregation  of  a 
number  of  the  tears.  It  has  an  acrid  and  bitter 
tafte,  and  its  fmell  is  one  of  the  moll  difagreeable. 

The  plant  which  affords  it  is  called  Ferula, 
Afla  Fcetida. 

This  plant  grows  in  Perfia  ;  and  the  juice  of 
its  root  is  obtained  by  expreffion,  according  to 
Kaempfer.  It  is  fluid  and  white  when  it  iiliies 
from  the  plant,  and  it  emits  an  abominable 
fmell  when  recent.  This  juice  lofes  its  fmell, 
and  becomes  coloured,  as  it  dries.  But  it  ltill 
preferves  fmell  enough  to  entitle  it  to  the  name 
of  Stercus  Diaboli. 

The  Indians  find  its  flavour  agreeable  ;   they 

ufe  it  for  feafoning,  and  call  it  the  food  of  the 
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gods:  a  proof  which  evinces,  beyond  every  ar* 

gument,  that  taftes  muft  not  be  difputed, 

Cartheufer  found  it  to  contain  oi>e-third  of 
relin. 

It  is  a  folvent  and  difcutient  remedy ;  and 
more  particularly  valuable  as  a  moil  powerful 
antihyfteric. 

5.  Aloes  is  a  juice  of  a  red  brown  colour, 
and  very  confiderable  bittern  efs.  Three  fpecies 
are  diftinguifhed — the  foccotrine  aloes,  the 
hepatic  aloes,  and  the  coballine  aloes  :  they 
differ  only  in  their  degree  of  purity,  M.  de 
Juflien,  who  faw  thefe  three  varieties  prepared  at 
Morviedro  in  Spain,  allures  us  that  they  are 
all  obtained  from  the  aloe  vulgaris.  The  firft 
variety  is  obtained  by  making  incifions  in  the 
leaves.  Time  is  allowed  for  its  impurities  to 
fubfide  perfectly.  The  fluid  is  then  decanted 
from  the  dregs,  and  left  to  become  thick  ;  after 
which  it  is  put  into  leathern  facks  for  fale,  under 
the  name  of  Soccotrine  aloes.  A  juice  of  the 
fame  nature  is  obtained  by  expreffipn  from  the 
fame  leaves,  which,  wbten  clarified  in  the  fame 
manner,  forms  the  hepatic  aloes :  and  the  co- 
balline aloes  is  obtained  by  a  flronger  preflure. 

The  Soccotrine  aloes  contains  no  more  than 
one  eighth  of  refin,  according  to  Boulduc.  The 
hepatic  aloes  contains  half  its  weight, 

Aloe§ 
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Aloes  is  very  much  ufed  in  medicine  as  a 
purgative,  tonic,  alterative,  and  vermifuge. 

3.  Gum  ammoniac  is  fometimes  met  with  in 
fmall  tears,  white  within,  and  yellow  without. 
But  they  are  often  united  in  the  mafs,  refem- 
bling  the  benzoe  amygdaloides. 

Its  fmell  is  fetid ;  and  its  tafte  acrid,  bit- 
ter, and  rather  naufeous. 

This  juice  comes  from  the  deferts  of  Afri- 
ca, and  the  plant  which  affords  it  is  unknown  : 
it  is  prefumed  to  be  of  the  clafs  of  umbelliferous 
plants,  from  the  figure  of  the  feeds  found  in  it. 

Gum  ammoniac  is  very  much  ufed  in  medi- 
cine. It  is  a  very  good  alterative ;  and  is  given 
in  pills,  incorporated  with  fugar,  or  in  fome  ex- 
tract. It  may  even  be  diflblved  or  diffufed  in 
water :  this  liquid  becomes  turbid,  and  of  a 
yellowifh  wThite.  Gum  ammoniac  enters  into 
the  compofition  of  all  difcuffive  plafters. 

Concerning  Caoutchouc,  or  Elaftic  Gum. 

Elaftic  gum  is  one  of  thofe  fubftances  which 
it  is  difficult  to  clafs.  It  burns  like  refins  ;  but 
its  foftnefs,  its  elafticity,  and  its  infolubility  in 
the  menftruums  wThich  ufually  diflblve  refins, 
do  not  allow  us  to  clafs  it  among  thofe  bodies. 

The  tree  which  affords  it  is  known  by  the 
G  4  name 
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name  of  Seringa  by  the  Indians  of  Para.  The 
inhabitants  of  the  province  of  Efmeraldas,  a 
province  of  Quito,  call  it  Hhava ;  and  thofe  of 
the  province  of  Mainas,  Caoutchouc. 

Mr.  Richard  has  proved  that  this  tree  is  of 
the  family  of  the  euphorbia  ;  and  Mr.  Dorthes 
has  obferved,  that  the  coccus  which  are  co- 
vered with  a  down  that  refembles  fmall  ftraws, 
were  covered  with  a  gum  very  much  refembling 
the  elaflic  gum.  Thefe  infeels  feed  on  the, 
euphorbium ;  but  thofe  which  come  from  other- 
fituations  afford  the  fame  juice. 

We  are  indebted  to  Mr.  Condamine  for  an  ac- 
count, and  accurate  details,  concerning  this  tree. 
(Acad,  des  Sciences,  175 1.)  This  academician 
informs  us,  after  Mr.  Frefneau,  engineer  at  Cay- 
enne, that  the  caoutchouc  is  a  very  lofty  tree. 
Incifions  are  made  in  the  bark  ;  and  the  white 
juice,  which  flows  out  in  a  more  or  lefs  liquid 
ftate,  is  received  in  a  vefiel  placed  for  that  pur- 
pofe.  This  is  applied  in  fucceffive  coatings 
upon  a  mould  of  clay,  and  dried  by  the  fire,  or 
in  the  fun.  AH  forts  of  defigns  are  traced  upon 
it  while  foft ;  and,  when  it  is  dry,  the  clay  mould 
is  crufhecf,  and  the  pieces  fhaken  out. 

This  gum  is  very  elaflic,  and  capable  of  great 
extenfion. 

When  elaflic  gum  is  expofed  to  the  fire,  it  be- 
comes 
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comas  foft,  fwelte  up,  and  burns  with  a  white 
flame.  It  is  ufed  for  illumination,  inftead  of 
candles,  at  Cayenne. 

It  is  not  at  all  fallible  either  jn  water  or  alco- 
hol. But  Macquer  has  aflured  us  that  ether  is 
its  true  folvent ;  and  upon  this  property  he  has 
ijfiftitutcd  the  art  of  making  bougies  for  chi- 
rurgical  ufes  of  elaftic  gum,  by  applying  this  fo- 
lution  upon  a  mould  of  wax  till  it  is  of  the  re- 
quifite  thicknefs. 

Mr.  Berniard,  to  whom  we  are  indebted  for 
important  obfervations  upon  this  fubftance, 
found  only  the  nitric  ether  which  diflblved 
elaftic  gum.  Very  pure  fulphuric  ether  did 
not  perceptibly  a6t  upon  it. 

If  elaftic  gum  be  put  in  contact  with  a  vola- 
tile oil,  fuch  as  that  of  turpentine,  or  even  if  it 
be  expofed  to  the  vapour  of  that  fluid,  it  fwells, 
(bftens,  and  becomes  very  pafty.  It  may  then 
be  fpread  upon  paper,  or  applied  as  a  varnifh  to 
cloth  ;  but  this  covering  preferves  its  adhefive 
quality,  and  does  not  lofe  it  for  a  long  time. 
The  mixture  of  volatile  oil  and  alcohol  forms 
a  better  folvent  than  the  pure  oil,  and  the  varnifh 
dries  more  fpeedily. 

Mr.  Berniard  has  concluded  from  his  experi- 
ments that  the  elaftic  gum  is  a  fat  oil,  coloured 
by  a  matter  foluble  in  alcohol,  and  foiled  by 

the 
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the   fmoke  to   which   the  gum  is  expofed  in 
drying. 

If  linfeed  oil  be  rendered  very  drying  by  di- 
gefting  it  upon  the  oxides  of  lead;,  and  it  be 
afterwards  applied  with  a  fmall  brum  upon  any 
furface,  and  dried  by  the  fun  or  in  the  fmoke, 
it  affords  a  pellicle  of  a  contiderable  degree  of 
firmnefs,  evidently  tranfparent,  burning  like 
elaftic  gum,  and  wonderfully  elaftic  and  exten- 
/Ible.  If  this  very  drying  oil  be  left  in  a  wide 
fhallow  veffel,  the  furface  becomes  thick,  and 
forms  a  membrane  which  has  the  greater!  ana- 
logy with  the  elaftic  gum.  A  pound  of  this 
oil  fpread  upon  a  Hone,  and  expofed  to  the  air 
for  fix  or  feven  months,  acquired  alrrioft  all  the 
properties  of  elaftic  gum.  It  was  ufed  to  make 
catheters  and  bougies ;  was  applied  to  varnifh 
balloons,  &c. 

Some  gum  refins  are  cleared  by  art  of  their 
extractive  principle,  for  the  purpofe  of  applying 
them  to  various  ufes.  Such  is  the  intention  of 
the  procefs  ufed  to  make  bird-lime.  This  is 
made  from  different  fubftances,  as  the  berries  of 
mifletoe,  the  fruit  of  the  febeften,  &c.  But 
the  bed  is  that  which  is  made  of  the  bark  of 
the  hollyoak.  Thefe  trees  are  peeled  in  the 
month  of  June  or  July;  the  outer  bark  is  re- 
jected, and  the  fecond  is  boiled  in  fpring  water 

for 
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for  leven  or  eight  hours.  It  is  then  made  into 
mafles,  which  are  buried  in  the  ground,  and 
covered  with  (tones,  for  feveral  layers  one  over 
the  other.  After  having  previoufly  drained  off 
the  moifture,  they  are  fuffered  to  ferment  for 
fifteen  days,  until  the  matter  has  acquired  the 
adhefive  confidence  of  pafte,  The  mafs  is  then 
beaten  till  it  becomes  capable  of  being  wrought 
with  the  hands,  or  kneaded ;  after  which  it  is 
wafhed  in  a  running  ftream.  Laftly,  it  is 
placed  for  three  or  four  days  in  another  vefiel, 
that  it  may  throw  up  its  fkum  or  impurities  \ 
in  which  laft  (late  it  is  put  into  proper  vefiels, 
and  kept  for  ufe. 

The  following  compofition  is  likewife  made 
ufe  of  under  the  name  of  Bird-Lime.  Take 
one  pound  of  bird-lime,  one  pound  of  goofe- 
greafe ;  add  to  this  one  ounce  of  vinegar,  half 
an  ounce  of  oil,  and  the  fame  quantity  of  tur- 
pentine.  Boil  the  mixture  for  feveral  minutes, 
and  heat  the  mafs  when  you  are  defirous  of 
ufing  it  as  a  cement.  It  may  be  prevented 
from  freezing  in  winter,  by  adding  a  fmall 
quantity  of  petroleum. 

Concerning  Varnifh. 

The  Pere  d'Incarville  has  informed  us  that 
the  tree  which  affords  the  varnifh  of  China  is 

called 
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called  Tfi-chou  by  the  Chinefe.  This  tree  is 
propagated  by  ofF-fets.  When  the  cultivator  is 
deiirous  of  planting  this,  he  takes  a  branch, 
which  he  wraps  up  in  a  mafs  of  earth,  by  means 
of  flax.  Care  is  taken  to  moiiten  this  earth ; 
the  branch  pufhes  out  roots,  and  is  then  pruned 
and  tranfplanted.  This  tree  grows  to  the  (ize 
of  a  man's  leg. 

The  varnifh  is  drawn  ^n  fpring.  If  it  be  a 
cultivated  tree,  it  affords  three  gatherings.  It- 
is  extracted  by  incifions  made  in  the  fpring : 
and  when  the  varnifh,  which  is  received  in 
fhells,  does  not  flow,  feveral  hogs  briftles,  moift- 
ened  with  water  or  fpittle,  are  introduced  into 
the  wound,  and  caufe  it  to  run.  When  the 
tree  is  exhaufted,  the  upper  part  of  it  is  wrap- 
ped in  flraw,  which  is  fet  on  fire,  and  caufes  the 
varnifh  to  precipitate  to  the  bottom  of  the  tree, 
where  it  flows  out  of  perforations  made  for  that 
purpofe. 

Thofe  who  collect  the  varnifh  fet  out  before 
day-break,  and  place  their  fhells  beneath  the 
apertures.  The  fhells  are  not  left  longer  than 
three  hours  in  their  place,  becaufe  the  heat  of 
the  fun  would  evaporate  the  varnifh. 

The  varnifh  emits  a  fmell  which  the  workmen 
are  very  careful  to  avoid  refpiring.  It  produces 
an  effect  which  they  call  the  bud  of  the  Varnifh. 

When 
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When  the  varnifh  ifliies  from  the  tree,  it  re- 
fcmbles  pitch.  By  expofure  to  the  air  it  gra- 
dually becomes  coloured,  and  is  at  laft  of  a 
beautiful  black. 

The  juice  which  Aoms  from  inciiions  made  in 
the  trunk  and  branches  of  the  thus  toxicoden- 
dron, pofleiTes  the  fame  properties.  The  tree 
that  grows  in  our  climates  affords  a  white  milky 
fluid,  which  becomes  black  and  thick  by  the 
contact  of  the  air ;  its  colour  is  the  molt  beau- 
tiful black :  and  it  would  be  ealy  to  introduce 
this  valuable  fpecics  ofinduftry  into  the  king- 
dom, became  the  tree  grows  wonderfully  well 
in  all  climates,  and  refills  the  cold  of  the  winter. 

To  make  the  varnifh  bright,  it  is  evaporated 
by  the  fun ;  and  a  body  is  given  to  it  with  hog's 
gall,  and  the  fulphate  of  iron,  or  martial  vitriol. 

The  Chinefe  ufe  the  oil  of  tea,  which  they 
render  drying  by  boiling  it  with  orpiment,  real- 
gar, and  arfenic. 

The  varnifhes  molt  ufed  in  the  arts  have  all 
of  them  the  refins  for  their  bale;  and  the  fun- 
damental facts  in  this  valuable  art  are  reducible 
to  the  following  principles. 

To  varnifh  any  fubftance,  confifts  in  apply- 
ing upon  its  furface  a  covering  of  fuch  a  nature, 
as  fhall  defend  it  from  the  influence  of  the  air, 
and  give  it  a  fhining  appearance. 

A  coat 
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A  coat  of  varnifh  ought  therefore  to  ptfffefs 
the  following  properties:  —  i.  It  mint  exclude 
the  adUon  of  the  air ;  becaufe  wood  and  metals 
are  varnifhed  to  defend  them  from  decay  and 
ruft.  2.  It  mud  refill  water;  for  otherwife  the* 
effect  of  the  varnifh  could  not  be  permanent* 
3.  It  ought  not  to  alter  fuch  colours  as  are  in- 
tended to  be  preferved  by  this  means. 

It  is  neceflary  therefore  that  a  varnifh  fhould 
be  eafily  extended  or  fpread  over  the  furface, 
without  leaving  pores  or  cavities ;  that  it  fhould 
not  crack  or  fcale ;  and  that  it  fhould  refift  wa- 
ter. Now  refins  are  the  ofily  bodies  that  poflefs 
thefe  properties. 

Refins  confequently  mud  be  ufed  as  the. 
bafts  of  varnifh.  The  queftion  which  of  courfe 
prefents  itfelf  muft  then  be,  how  to  difpofe 
them  for  this  ufe;  and  for  this  purpofe  they 
mufl  be  diflblved,  as  minutely  divided  as  poffi- 
ble,  and  combined  in  fuch  a  manner  that  the 
^perfections  of  thofe  which  might  be  difpofed 
tfc>  fcale,  may  be  corrected  by  others. 

Refins  may  be  diflblved  by  three  agents — 
X.  By  fixed  oil.  2.  By  volatile  oil.  3.  By  al- 
cohol. And  accordingly  we  have  three  kinds 
of  varnifh  :  the  fat  or  oily  varnifh,  eflential  var- 
nifh, and  fpirit  varnifh. 

Before  a  refin  is  diflblved  in  a  fixed  oil,  it  is 

necef- 
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toecefiary  to  render  the  oil  drying.  For  this 
purpofe  the  oil  is  boiled  with  metallic  oxides ; 
in  which  operation  the  mucilage  of  the  oil 
combines  with  the  metal,  while  the  oil  itfelf 
unites  with  the  oxigene  of  the  oxide.  To  ac- 
celerate the  drying  of  this  varnifh,  it  is  necef- 
fary  to  add  oil  of  turpentine. 

The  eflential  varnifhes  confift  of  a  folution 
of  refin  in  oil  of  turpentine.  The  varnifh  being 
applied,  the  efTential  oil  flies  off,  and  leaves  the 
refin.     This  is  ufed  only  for  paintings. 

When  refins  are  diflblved  in  alcohol,  the  var- 
nifh dries  very  fpeedily,  and  is  fubjeel:  to  crack ; 
but  this  fault  is  corrected  by  adding  a  fmall 
quantity  of  turpentine  to  the  mixture,  which 
renders  it  brighter,  and  lefs  brittle  when  dry. 

The  coloured  refins  or  gums,  fuch  as  gum 
guttse,  dragon's  blood,  &c.  are  ufed  to  colour 
varnifhes. 

To  give  luflre  to  the  varnifh  after  it  is  laid 
on,  it  is  rubbed  with  pounded  pumice  fione  and 
wTater;  which  being  dried  with  a  cloth,  the 
work  is  afterwards  rubbed  with  an  oiled  rag 
and  tripoli.  The  furface  is  lafl  of  all  cleaned 
with  foft  linen  cloths,  cleared  of  all  greafinefs 
with  powder  of  ftarch,  and  rubbed  bright  with 
the  palm  of  the  hand, 

ARTI- 
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ARTICLE     VI. 

Concerning  the  Fecula  of  Vegetables, 

The  fecula  appears  to  be  only  a  flight  altera- 
tion of  mucilage ;  for  it  differs  from  that  fub- 
flance  in  no  other  refpect  than  in  being  infolu- 
ble  in  cold  water,  in  which  liquid  it  falls  with 
wonderful  quicknefs.  If  it  be  put  into  hot  wa- 
ter, it  forms  a  mucilage,  and  renames  all  its 
characters.  It  feems  that  the  fecula  is  (imply 
a  mucilage  deprived  of  caloric.  In  fact,  a 
young  plant  is  all  mucilage ;  the  old  plants  and 
fruits  afford  little  fecula,  becaufe  the  heat  is 
ftronger  in  young  than  in  old  plants,  according 
to  Dr.  Hunter, 

There  are  few  plants  which  do  not  contain 
fecula.  Mr.  Parmentier  has  given  us  a  lift  of 
all  thofe  which  afford  it,  in  his  experiments. 
(See  his  Recherches  fur  les  Vegetaux  Nourif- 
fans.)  But  the  feeds  of  gramineous  and  legumi- 
nous vegetables,  as  well  as  the  roots,  which  bo- 
tanifts  call  Titberofe,  contain  it  moft  plentifully. 

Nothing  more  is  required,  in  order  to  extract 

the  fecula,  than  to  bruife  or  grind  the  plant  in 

"Water ;  and  the  fecula,  which  is  at  firft  fufpended 

in  that  fluid,  foon  falls  to  the  bottom.    We  fhall 

not 
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hot  in  this  place  attend  to  any  other  feculae  but 
fuch  as  are  uled  in  the  arts  or  in  medicine.  Such 
are  thofe  of  bryony,  of  potatoes,  caflava,  fago, 
falep,  ftarch,  8tc. 

1.  The  fecula  of  bryony  is  extracted  from 
the  root  of  that  plant.  The  bark  is  firft  taken 
off  from  the  root,  which  is  then  rafped,  and  fub- 
mittcd  to  the  prefs.  The  juice  which  flows  out 
by  expreffion  is  rendered  white  and  opake  by  a 
fecula  which  fubfides.  The  liquid  is  then  de- 
canted off,  and  the  fecula  dried.  It  is  ftrongly 
purgative,  on  account  of  a  portion  of  extract 
which  it  retains  ;  but  it  may  be  deprived  of  its 
purgative  virtue  by  careful  warning  in  water. 
If  water  be  poured  on  the  marc  which  remains 
beneath  the  prefs,  a  large  quantity  is  obtained 
which  is  not  purgative,  becaufe  the  extractive 
matter  was  forced  out  by  the  firft  operation. 
Mr.  Baume  has  propofed  to  fubftitute,  this  fecula 
inltead  of  ftarch.  The  fecula  is  afforded  by 
fimilar  treatment  of  the  roots  of  corn-flag  and 
arum. 

2.  That  which  is  generally  known  by  the 
name  of  Potatoe  Flour,  is  nothing  but  the  fecula 
of  this  root  obtained  by  ordinary  and  eafy  pre- 
cedes, The  root  being  well  wafhed,  it  is  pound- 
ed or  crufhed  in  fuch  a  manner  as  perfectly  to 
deftroy  its  texture.     The  pulp  is  then  put  into 

Vol.  III.  H  afieve, 
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a  fieve,  and  water  poured  on  it,  which  carries  off 
the  fecula,  and  depoflts  it  at  the  bottom  of  the 
receiving  veflel.  The  water,  which  is  coloured 
by  extractive  matter,  and  part  of  the  parenchy- 
ma that  remains  fufpended,  is  decanted  off,  and 
the  depofition  is  warned  fcvcral  times.  The 
colour  of  the  fecula  grows  whiter  as  it  dries ;  and 
when  dry,  it  is  very  white  and  fine. 

As  this  fecula  has  become  an  article  of  com- 
mon ufe  for  fome  time  paft,  feveral  inftrumente 
have  been  contrived  which  are  more  or  left 
fuited  to  bruife  the  potatoes.  JLafps  have  been 
propofed  turning  in  cylinders,  mills  armed  with 
points  of  iron,  &c. 

3.  The  caflava  of  the  Americans  is  extracted 
from  the  roots  of  the  manioc.  This  plant  contains1 
an  acrid  and  very  dangerous  poilbn,  of  which  it 
mint  be  very  carefully  deprived.  The  Ameri- 
cans take  the  frefh  root  of  manioc,  which  they 
peel,  rafp,  and  indole  in  a  bag  or  fack  formed 
of  rufhes,  and  of  a  very  open  texture.  This 
bag  is  fufpended  from  a  flaff;  and  a  very  heavy 
veffel  is  fattened  to  its  lower  part,  which  draws 
the  bag  down,  lb  as  in  fome  meafureto  comprefs 
the  root,  at  the  fame  time  that  it  receives  the 
juice  as  it  flows  out.  The  juice  is  a  moil  dread- 
ful poifon.  When  the  root  is  well  cleared  of 
the  juice,  it  is  put  into  the  fame  bags,  and  ex- 
6  pofed 
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£ofed  to  dry  in  the  fmoke.  The  fifted  root  is 
called  Caftava.  To  convert  it  into  food,  it  is 
fpread  out  upon  an  hot  brick  or  plate  of  iron ; 
and  when  the  furface  which  refts  immediately 
on  the  brick  is  of  a  reddifh  brown  colour,  it  is 
turned,  to  bake  the  other  fide ;  and  in  this  ftate 
it  forms  s  called  Caffava  Bread. 

The  cv  I  juice  carries  with  it  the  fineft 

part  of  the  fecula,  which  quickly  fubfides ;  and 
this  fecula,  known  by  the  name  of  Mouchafic,  is 
ufed  to  make  paftry. 

The  poifonous  extract  which  moft  of  thefe 
roots  that  abound  in  fecula  contain,  ought  to  en- 
gage thofe  who  prepare  them  to  be  uncommonly- 
attentive  to  the  due  management  of  the  procefs. 
Without  the  moft  fcrupulous  care  the  moft  un- 
happy conlequences  may  follow.  It  fhould  al- 
ways be  recollected,  in  the  preparation  of  thefe 
f'ibitances,  that  the  poifon  is  in  contact  with  the 
food. 

A  fecula  has  likewife  been  appropriated  to 
domeftic  ufes,  which  is  extracted  from  the  pith 
of  feveral  farinaceous  palms,  and  is  known  by 
the  name  of  Sago.  This  preparation  is  made 
in  the  Molucca  Iflands.  The  pith  of  middle- 
aged  palms  is  only  ufed ;  for  the  young,  as  well 
as  the  old,  afford  very  little  fecula.  This  pith 
is  mixed  with  water ;  and  the  fecula  which  is 
H  %  extracted, 
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renders  the  fluid  white,  is  fufFerecf 
to  fubfidc.  When  the  fecula  is  dried,  it  forms 
fmall  grains  ;  which  when  reduced  to  powder,, 
and  mixed  with  warm  water,  afford  a  very  nou- 
rifhing  pulp  or  mucilage. 

M.  Parmentier  has  propofed  to  make  fago 
out  of  potatoes;  in  confequence  of  his  idea  that 
all  feculae  are  abfolutely  identical,  and  that  this 
principle  is  one  and  the  fame  in  nature.  For 
this  purpofe  he  propofes  to  add  a  fpoonful  of  the 
fecula  of  potatoes  gradually  to  a  chopin,  or  half  a 
pint,  of  hot  water  or  milk,  to  be  kept  flirring 
over  a  gentle,  fire  for  half  an  hour.  Sugar  may 
be  addedy  "wkh  aromatics  or  fpices,  fuch  as  cin- 
namon, lemon  peel,  faffron,  orange-flower  water, 
rofe-water,  &c. 

The  fago  of  potatoes  may  likewife  be  prepared 
with  veal  broth,  chicken  broth,  or  common 
broth.  The  preparation  may  be  varied  in  a 
thoufand  ways,  and  it  forms  a  very  wholefome 
and  nourifhirg  food. 

5.  The  bulbs  of  all  the  kinds  of  orchis  may 
be  ufed  to  make  falep.  All  that  is  required  to  be 
done  confifts  in  depriving  them  of  the  cxtraclive 
principle,  and  drying  the  refldue,  which  be- 
comes tranfparent  by  this  operation. 

In  order  to  dry  them  more  fpeedily,  they  are 
fining,  and  hung  up ;  or  otherwjfe  it  is  thought 

fuffi- 
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fufficient  to  rub  thelc  bulbs  in  water  either  hot 
or  cold,  and  to  dry  them  in  an  oven.  This  laft 
procefs  was  communicated  to  Dr.  Percival  by 
Mr.  John  Moult. 

The  fecula  of  falep,  pulverized,  and  combined 
with  water,  forms  a  very  nourifhing  jelly. 

6.  The  fecula  is  likewife  one  of  the  confti- 
tuent  principles  of  the  feeds  of  gramineous 
plants;  and  when  thefe  have  been  ground,  and 
reduced  into  farina,  nothing  more  is  i  j 

than  to  mix  them  with  water,  in  order  to  preci- 
pitate the  fecula.  But  another  procefs  for  pro- 
curing it  is  ufed  in  the-  arts :  it  confifts  in  de- 
flroying  by  fermentation  the  extractive  and  glu- 
tinous part  with  which  it  is  intimately  united  ; 
and  in  this  confifts  the  art  of  making  itarch. 
The  procefs  of  the  ftarch-maker  confiits  in  fer- 
menting grain,  pollard,  damaged  flour,  &c.  in 
the  acid  water  which  they  call  eau  Jure.  When 
the  fermentation  is  ended,  they  take  out  the 
fecula,  which  is  precipitated  to  the  bottom  of  the 
water,  and  put  it  into  hair  facks.  Frelh  water 
is  poured  upon  this,  which  carries  the  liner  fecula 
with  it;  and  this  being  feveral  times  warned,  con- 
stitutes {larch,  cleared  of  every  foreign  principle. 

There  are  likewife  coloured  fecula?,  fuch  as 
indigo,  which  we  fhall  treat  of  when  we  come 
to  the  article  Dyeing. 

H  3  The 
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The  ufes  of  the 'feculae  are  very  numerous. 

i./They  constitute  a  very  nourishing  food, 
becaufe  the  nutritive  virtue  of  gramineous  ve- 
getables refides  in  them.  Thofe  feeds  which 
man  has  appropriated  for  his  food,  contain 
much  ;  and  thefe  feculae  form  a  very  nourifhing 
jelly  with  hot  water.  It  may  be  feen,  in  the 
work  of  M.  Parmentier,  that  this  is  truly  the 
mofl  Suitable  nourishment  for  man.  Some  of 
thefe  are  even  entirely  devoted  to  this  purpofe, 
fuch  as  the  caSTava. 

In  the  northern  climates,  the  lichens  form 
almoSt  the  whole  of  the  food  of  man,  and  fuch 
animals  as  are  not  carnivorous ;  and  thefe 
lichens,  according  to  the  experiments  of  the 
Academy  of  Stockholm,  afford  an  excellent 
Starch  by  Simple  grinding.  The  rein-deer,  the 
Slags,  and  the  other  fallow  cattle  of  the  north 
of  Europe,  fubfift  on  the  lichen  rangiferinus. 
The  Icelanders  obtain  a  very  delicate  gruel  with 
the  fecula  of  the  lichen  Icelandicus. 

2.  Starch  boiled  in  water,  and  coloured  with  a 
final  1  quantity  of  azure,  forms  a  pafte  which  is 
ufed  to  give  brightnefs,  Sirmnefs,  ftrength,  and 
an  agreeable  colour,  to  linen. 

3.  The  feculae  are  alfo  ufed  to  make  hair 
powder ;  and  this  confumption,  which  is  prodi- 
gious, might  be  fupplied  by  Starch  made  from 

left 
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Icfs  valuable  plants  than  the  gramineous ;  and, 
if  this  were  done,  the  objects  of  luxury  would 
not  enter  into  competition  with  our  moft  imme- 
diate wants. 


ARTICLE    VII. 

Concerning  the  Vegetable  Gluten. 

The  glutinous  principle,  which,  on  account  of 
its  properties  refembling  thofe  of  animal  fub- 
ftances,  has  been  called  the  Vegeto-Animal 
Subftance  by  fome  chemifts,  is  more  particu- 
larly obtained  from  gramineous  vegetables.  We 
are  indebted  to  Beccari  for  the  difcovery  of 
this  fubftance  ;  and  the  analyfis  of  farinaceous 
fubftances  has  fince  been  enriched  with  various 
important  facts. 

To  make  the  analyfis  of  any  farina,  the  me- 
thods employed  are  fuch  as  are  iimple,  and  in- 
capable of  decompofing  or  altering  any  of  its 
conftitucnt  parts.  A  pafte  is  formed  with  the 
flour  and  water;  and  this  is  kneaded  and  wrought 
in  the  hands  under  water,  till  it  no  longer  com- 
municates any  colour  to  that  fluid.  The  fub- 
ftance which  then  remains  in  the  hand  is  tena- 
cious, ductile,  and  very  elaflic ;  and  becomes 
more  and  more  adhelive,  in  propgrtion  as  the 
H  4  water 
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water  which  it  had  imbibed  flies  off  by  evapora- 
tion. In  this  fame  operation  the  fecula  falls  to  the 
bottom  of  the  water ;  while  the  extractive  mat- 
ter remains  in  folution,  and  may  be  concentrated 
by  evaporation  of  the  fluid. 

If  the  glutinous  matter  be  ftretched  out,  and 
then  let  go,  it  returns  by  fpontaneous  contrac- 
tion to  its  original  form.  If  it  be  left  fufpended, 
it  becomes  extended  by  its  weight ;  and  forms 
a  very  thin  tranfparent  membrane,  which  exhi- 
bits  a  kind  of  net  work,  refembling  the  texture 
of  the  membranes  of  animals. 

M.  Beccari  has  obferved  that  the  proportion 
of  glutinous  matter  varies  prodigioufly  in  the 
feveral  feeds  of  gramineous  vegetables.  Thofe 
of  wheat  contain  the  largeft  quantity ;  but  he 
never  found  it  in  the  garden  Huff  or  plants 
which  are  ufed  by  us  as  food.  The  quantity  of 
of  glutinous  matter  alio  varies  in  the  fame  kind  of 
grain,  according  to  the  nature  of  the  foil  which 
has  fupported  it.  Humid  fituations  afford 
fcarcely  .any. 

The  glutinous  matter  emits  a  very  characler- 
ift:c  animal  frriell.  Its  tafte  is  infipid ;  it  fwells 
up  upon  hot  coals  ;  becomes  foon  and  perfectly 
dry  in  a  dry  air,  or  by  a  gentle  heat ;  in  which 
ftate  it  refembles  glue,  and  breaks  fhort  like 
that  fubftance.     If  in  this  itate  it  be  placed  on 

burning 
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burning  coals,  it  curls  up,  is  agitated,  and 
burns  like  an  animal  fubftance.  By  dittillation 
it  affords  the  carbonate  of  ammoniac. 

Frefh-made  gluten,  expofed  to  the  air,  rea- 
dily putriries ;  and  when  it  has  retained  a  fmall 
quantity  of  ftarch,  this  laft  pafles  to  the  acid 
fermentation,  and  retards  the  putrefaction  of 
the  gluten  ;  and  in  this  way  a  (late  is  produced 
refembling  that  of  cheefe. 

Water  does  not  attack  the  glutinous  part. 
If  it  be  boiled  with  this  fluid,  it  lofes  its  exten- 
fibility  and  adhefive  quality  :  a  circumftance  fo 
much  the  more  remarkable,  as  it  was  indebted 
to  that  fluid  for  the  development  of  thefe  qua- 
lities ;  for  this  principle  exifted  without  cohe- 
fion  in  the  flour;  and  when  it  is  deprived  of 
water  by  drving,  it  alfo  lofes  its  elafticity  and 
glutinous  quality. 

Alkalis  diilblve  it,  by  the  afliftance  of  a  boil- 
ing heat.  The  folution  is  turbid  ;  and  depoflts 
the  gluten  by  the  addition  of  acids,  but  deprived 
of  its  elafticity. 

The  nitric  acid  diflblves  gluten  with  activi- 
ty ;  and  this  acid  at  firfl  emits  the  nitrogenous 
gas,  as  when  treated  with  animal  fubftances. 
This  is  followed  by  an  emiflion  of  nitrous  gas; 
and  the  refidue,  by  evaporation,  affords  the 
oxalic  acid  in  cryftals. 

The 
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The  fulphuric  and  muriatic  acids  Iikewife 
diflblve  it.  M.  Poulletier  has  obferved,  that 
falts  with  bafe  of  ammoniac  may  be  obtained 
from  thefe  combinations,  diflblved  in  water  or 
alcohol,  and  evaporated  in  the  open  air. 

If  the  gluten  be  difiblved  in  the  vegetable 
acids  feveral  times  repeatedly,  and  precipi- 
tated by  alkalis,  it  is  reftored  to  the  ftate  of 
fecula:  and,  according  to  Macquer,  if  vine- 
gar be  diftilled  by  a  gentle  heat  from  this 
fubfiance,  it  ij  reduced  to  the  flate  of  muci- 
lage*. 

This  fubftance  therefore  poflefies  a  very  de- 
cided animal  character.  It  is  to  this  gluten  that 
wheat  owes  its  property  of  making  a  good  pafte 
with  water,  and  the  facility  with  which  it  rifes. 
Rouelle  difcovered  a  glutinous  fubftance  analo- 
gous to  theprefent  in  the  green  fecula  of  plants, 
which  afford  ammoniac,  and  empyreumatic  oil, 
by  diftillation.  The  exprefied  juice  of  the  her- 
baceous plants  Iikewife  afforded  it ;  fuch  as  that' 
of  borage,  hemloc,  forrel,  &c. 

The  gluten  is  fometimes  deftroyed  by  the 
fermentation  of  flour;  by  which  change  it  is 
deprived  of  the  wholefome  qualities  it  before 
poflefTed,  and  is  incapable  of  rifing,  and  form- 
ing good  bread. 

Farina,  or  flour,  is  therefore  compofed  of  three 

prin- 
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principles — the  amylaceous  principle,  or  (larch  ; 
the  faccharine  principle ;  and  the  animal  or  glu- 
tinous principle.  Whenever  therefore,  by  a  fuit- 
able  divifion,  tbefe  principle?  are  mixed  together, 
and  the  fermentation  is  aflifted  by  the  known 
methods,  each  of  thefe  principles  being  capable 
of  a  different  kind  of  fermentation,  becomes 
decompofed  in  its  own  peculiar  manner.  The 
faccharine  principle  undergoes  the  fpirituous 
fermentation  ;  the  glutinous  fuffers  the  procels 
of  animal  putrefaction;  and  the  amylaceous  is 
changed  by  the  acid  fermentation.  The  pa- 
nary  fermentation  may  therefore  be  confidered 
as  an  union  of  thefe  three  different  fpontaneous 
changes.  But  as  foon  as  the  leading  phenome- 
na of  the  fermentation  are  well  developed ;  and 
the  principles,  already  well  mixed  and  aflimi- 
lated,  have  by  this  means  fuffered  a  change  of 
their  refpedive  natures ;  the  fermentation  is 
flopped  by  baking :  and  the  bread  is  found  to 
be  much  lighter  in  confequence  of  thefe  preli- 
minary operations. 

The  art  of  making  bread  was  not  known 
at  Rome  until  the  year  585.  The  Roman  ar- 
mies, on  their  return  from  Macedonia,  brought 
Grecian  bakers  into  Italy.  Before  this  time  the 
Romans  prepared  their  flour  in  no  other  way 
than  by  making  it  into  pap  or  foft   pudding ; 

for 
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for   which  reafon  tttc  Romans,   according   to 
Pliny,  were  called  Eaters  of  Pap*.     See  Aubry. 

ARTICLE      VIII. 

Concerning  Sugar. 

Sugar  is  likewife  a  constituent  part  of  vege- 
tables, exifting  in  confiderable*  quantities  in  a 
number  of  plants.  It  is  afforded  by  the  maple, 
the  birch,  wheat,  and  Turkey  corn.  Margraaf 
obtained  it  from  the  roots  of  beet,  red  beet, 
ikirret,  parfneps,  and  dried  grapes.  The  pro- 
cefs  of  this  chemilt  confirmed  in  digefting  thefe 
roots,  rafped  or  finely  divided,  in  alcohol. 
This  fluid  diflblves  the  fugar ;  and  leaves  the 
extractive  matter  untouched,  which  falls  to  the 
bottom. 

In  Canada  the  inhabitants  extract  fugar  from 
the  maple  ,(acer  montanum  candidum),  At 
the  commencement  of  fpring  they  heap  fnow  in 
the  evening  at  the  foot  of  the  tree,  in  "which 
ihcy  previoufly  make  apertures  for  the  paflage 

*  Pulte  autem,  non  pane,  vixifie  longo  tempore  Romanes 
manifefuim,  quoniam  inde  et  Pulmentaria  hodieque  dicuntur. 
Plin.  Hift.  Nat.  lib.  xviii.  cap.  viii.  et  XX, — The  date  is  580 
zb  urbe  condita.     T, 
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of  the  returning  ftp.  Two  hundred  pounds 
of  this  juice  afford  by  evaporation  fifteen  of 
a  brownifh  fugar.  The  quantity  prepared  an- 
nually amounts  to  fifteen  thoufand  weight. 

The  Indians  likewife  extradl  fugar  from  the 
pith  of  the  bamboo. 

But  the  fugar  which  is  (b  univerfaHy  ufed  is 
afforded  by  the  fugar  cane  (arundo  faccharifera) 
which  israifed  in  our  cc.  en  this 

plant  is  ripe,  it  is  cut  down,  and  crufhed  by 
pafling  it  between  iron  cylinders,  placed  per- 
pendicularly, and  moved  by  water  or  animal 
flrength.  The  juice  which  flows  out  by  this 
ftrong  preffure  is  received  in  a  fhallow  trough 
placed  beneath  the  cylinder.  This  juice  is 
called  vefou ;  and  the  cane,  after  having  under- 
gone this  preffure,  is  called  legajfe*.  The 
juice  is  more  or  lets  faccharinc,  according  to 
the  nature  of  the  foil  on  which  the  cane  has 
grown,  and  the  weather  that  has  predominated 
during  its  growth.  It  is  aqueous  when  the  foil 
or  the  weather  has  been  humid ;  and  in  contrary 
circumflanccs  it  is  thick  and  glutinous. 

The  juice  of  the  cane  is  conveyed  into  boilers, 
where  it  is  boiled  with  wood  aihes  and  lime. 

*  Thefe  arc  the  names  in  the  French  fugar  colonics.  I  do 
not  find  the  correfponding  terms  in  any  of  our  writers.  T. 

it 
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It  is  fubjecled  to  the  fame  operation  in  three; 
feveral  boilers,  care  being  taken  to  remove  the! 
ikum  as  it  rifes.  In  this  ftate  it  is  called  Syrup; 
and  is  again  boiled  with  lime  and  alum  till  it 
is  fufficiently  concentrated,  when  it  is  poured 
into  a  veflel  called  the  Cooler.     In  this  veilel  it 
is  agitated  with  wooden  fiirrers,  which  break  the 
cruft  as  it  forms  on  the  furface.     It   is  after- 
wards poured  into  cafks,  to  accelerate  its  cool- 
ing;  and,  while  it  is  Rill  warm,  it  is  conveyed 
into  barrels  ftanding  upright  over  a  cittern,  and 
pierced  through  their  bottom  with  feveral  holes 
Hopped  with   cane.       The  fyrup  which  is  not 
condenfed  filters  through  thefe  canes  into  the 
cittern  beneath ;   and  leaves  the  fugar  in   the 
ftate  called  Coarfe  Sugar,  or  Mufcovado.   This 
fugar  is  yellow  and  fat,  and  is  purified  in  the 
iflands    in    the  following    manner: — The   fy- 
rup  is  boiled,  and  poured  into  conical  earthen 
veflels,  having  a  fmall  perforation  at  the  apex, 
which  is  kept  clofed.     Each  cone,  reverfed  on 
its  apex,  is  fupported  in  another  earthen  veflel. 
The  fyrup  is  ttirred  together,  and  then  left  to 
cryflallize.      At  the  end  of  fifteen  or  fixteen 
hours,  the  hole  in  the  point  of  each  cone  is 
opened,  that  the  impure  fyrup  may  run  out. 
The  bafe  of  thefe  fugar  loaves  is  then  taken  out, 
and  white  pulverized  fugar  fubftituted   in  its 
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ftead  ;  which  being  well  prefTed  down,  the  whole 
is  covered  with  clay,  moiftened  with  water. 
This  water  filters  through  the  mafs,  carrying 
the  fyrup  with  it  which  was  mixed  with  the  fu- 
gar, but  which  by  this  management  flows  into 
a  pot  fubflituted  in  the  place  of  the  firft.  This 
fecond  fluid  is  called  Fine  Syrup.  Care  is  taken 
to  moiflen  and  keep  the  clay  to  a  proper  degree 
of  foftnefs,  as  it  becomes  dry.  The  fugar  loaves 
are  afterwards  taken  out  and  dried  in  a  fiove 
for  eight  or  ten  days ;  after  which  they  are  pul- 
verized, packed,  and  exported  to  Europe,  where 
they  are  ftill  farther  purified. 

The  operation  of  our  fugar  refiners  confifls 
in  diflblving  the  caflbnade,  or  clayed  fugar,  in 
lime  water.  Bullocks  blood  is  added,  to  pro^ 
mote  the  clarifying ;  and,  when  the  liquor  be- 
gins to  boil,  the  heat  is  diminifhed,  and  the 
fkum  carefully  taken  "off.  It  is  in  the  next 
-place  concentrated  by  a  brifk  heat ;  and,  as  it 
boils  up,  a  fmall  quantity  of  butter  is  thrown  in, 
to  moderate  its  agitation.  When  the  boiling  is 
fufflciently  efFecled,  the  fire  is  put  out ;  the  li- 
quor is  poured  into  moulds,  and  agitated,  to  mix 
the  fyrup  together  with  the  grain  fugar  already 
formed.  When  the  whole  is  cold,  the  mould* 
are  opened,  the  loaves  are  covered  with  moiit- 
cned  clay,  which  is  renewed  from  time  to  time 
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till  the  fugar  is  well  cleared  from  its  fyrtip, 
The  loaves  being  then  taken  out  of  the  moulds, 
are  carried  to  a  Hove,  where  they  are  gradually 
heated  to  the  fiftieth  degree  of  Reaumur.  They 
remain  in  this  flove  eight  clays,  after  which  they 
are  wrapped  in  blue  paper  for  fale. 

The  feveral  fyrups,  treated  by  the  fame  me- 
thods, afford  fugars  of  inferior  qualities ;  and 
the  laft  portion,  which  no  longer  affords  any 
cryftals,  is  fold  by  the  name  of  Melailes.  The 
Spaniards  ufe  this  melafTes  in  the  preparation  of 
fweetmeats. 

A  folution  of  fugar,  much  lefs  concentrated 
than  that  we  have  juft  been  fpeaking  of,  lets  fall 
by  repofe  cryftals  which  affecl  the  form  of  tetra- 
hedral  prifms,  terminated  by  dihedral  fummits, 
and  known  by  the  name  of  Sugar  Candy. 

Sugar  is  very  foluble  in  water ;  it  fwells  up 
in  the  fire,  becomes  black,  and  emits  a  peculiar 
fmell,  known  by  the  denomination  of  the  fmell 
of  caromeh 

Sugar  is  very  much  ufed  for  domeftic  pur- 
pofes.  It  conflitutes  the  bafts  of  fyrups  ;  and  is 
ufed  at  our  tables  to  difguife  the  four  tafte  of 
fruit  and  vegetable  juices.  It  corrects  the  bit- 
ternefs  of  coffee  ;  and  ferves  as  the  vehicle  in  a 
great  number  of  pharmaceutical  preparations. 

Sugar  is  an  excellent  food ;  and  it  is  merely  an 

old 
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old  prejudice  to  fuppofe  it  produces  worms  in 
the  bowels  of  children. 

It  is  now  feveral  years  fince  the  celebrated 
Bergmann  taught  us  to  extract  a  peculiar  acid 
from  fugar,  by  combining  the  oxigene  of  the 
nitric  acid  with  one  of  its  conftituent  principles. 
The  difcovery  of  the  acid  of  fugar  was  con- 
figned  in  a  tnefis  maintained  at  Upfal,  the  13th 
of  June  1776,  by  M.  Arvidfon,  under  the 
prefidencyof  Bergmann. 

To  make  the  acid  of  fugar,  or  oxalic  acid, 
nine  parts  of  the  nitric  acid,  with  one  of  fugar, 
are  put  into  a  retort.  A  gentle  heat  is  applied, 
to  affift  the  action  of  the  acid  :  which  is  rapidly 
decompofed  upon  the  fugar,  with  the  difengage- 
ment  of  a  considerable  quantity  of  nitrous  gas. 
When  the  decompofition  is  completed,  the  dis- 
tillation is  continued  on  a  fand  bath,  till  the 
refidue  is  fufficiently  concentrated.  It  is  then 
fufFered  to  cool ;  and  beautiful  cryftals  are  formed, 
which  may  be  taken  out,  and  have  the  figure  of 
a  tetrahedral  prifm  terminating  in  a  dihedral 
fiimmit.  By  a  farther  concentration  of  the 
liquor  in  which  the  acid  has  cryftallized,  more 
of  thefe  cryftals  may  be  obtained.  Thefe  feveral 
products  of  cryftals  are  then  to  be  diiTolved  in 
pure  water,  and  again  cryftallized,  to  feparate 
them  from  any  admixture  of  nitric  acid  that 
Vol.  III.  I  may 
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may  adhere  to  them.  This  acid  was  formerly 
thought  to  be  a  modification  of  the  nitric  acid  -f 
and  Bergmann  was  under  the  neceffity  of  enter- 
ing into  a  confiderable  detail  of  reafoning,  to 
remove  every  doubt  on  the  fubjccl.  But  the 
knowledge  we  at  prcfent  poffefs  refpecting  the 
conftituent  principles  of  the  nitric  acid,  and  the 
great  number  of  phenomena  of  this  kind  which 
it  exhibits  when  made  to  a 61  on  various  fub- 
flanccs,  render  it  unneceffary  for  us  to  enter 
into  this  confideration. 

Cold  water  diiiblves  half  its  weight  of  this 
acid,  and  boiling  water  takes  up  its  own  weight. 

This  acid,  combined  with  pot-afh,  forms  a 
fait  in  prifmatic  hexahedral  flatten ed  rhomboidal 
cryftals,  terminating  in  dihedral  fummits.  In 
order  that  crjfttallization  may  take  place,  it  is 
necefTary  that  one  of  the  component  parts  fhould 
be  in  excefs/  This  fait  is  very  foluble  in 
water. 

The  fame  acid  forms  with  foda  a  felt  which 
js  very  difficult  to  be  brought  to  cryfiallize, 
and  which  converts  fyrup  of  violets  to  a  green. 
'  This  acid,  poured  upon  ammoniac,  affords  by 
a  flight  evaporation  very  beautiful  tetrahedral 
prifmatic  cryftals,  terminating  in  dihedral  fum- 
mits; one  of  whofe  faces  is  larger  than  the 
other,  fo  that  it  occupies  three  angles  of  the 

extremity. 
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Extremity.  See  my  Memoirs  of  Chemiftry. — ■ 
This  fait  is  of  great  ufe  in  the  anaJyfis  of  mine- 
ral waters.  It  inttantly  fhews  the  prefence  oT 
any  fait  with  bafis  of  lime,  becaufe  the  oxalate 
of  lime  is  infoluble  in  water. 

The  acid  of  fugar,  or  oxalic  acid,  attacks  and 
difTblves  moft  of  the  metals  :  but  its  action  upon 
the  oxides  is  fironger  than  upon  the  metals 
themfelves ;  and  it  takes  the  oxides  from  their 
true  folvents.  In  this  way  it  is  that  it  precipi- 
tates iron  from  a  folution  of  the  fulphateof  iron, 
in  a  fubftance  of  the  moft  beautiful  yellow  co- 
lour, which  may  be  ufed  in  painting. 

It  precipitates  copper  in  the  form  of  a  white 
powder,  which  becomes  of  a  beautiful  light 
green  by  drying.  . 

Zinc  is  precipitated  of  a  white  colour. 

This  acid  like  wife  precipitates  mercury  and 
filver,  but  not  till  after  feveral  hours  ftanding. 

An  account  of  the  combinations  of  this  acid 
with  various  bafes  may  be  feen  in  Bergmann'* 
treatife. 

This  acid  may  be  extracted,  by  the  aclion  of 
nitric  acid,  from  a  number  of  vegetable  fub- 
ftances,  fuch  as  gums,  honey,  ftarch,  gluten,  or 
alcohol ;  and  from  feveral  animal  fubftances, 
according  to  the  difcovery  of  M.  Berthollet,  fuch 
as  filk,  wool,  and  lymph. 

la  M.  d« 
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M.  de  Morveau,  who  has  made  a  very  valua- 
ble ieries  of  experiments  on  the  acid  of  fugar, 
has  proved  that  the  whole  of  the  fugar  does  not 
enter  into  the  formation  of  the  acid,  but  only 
one  of  its  principles ;  and  he  affirms  that  it  is 
an  attenuated  oil  which  exifis  in  a  variety  of 
fubftances. 

Since  it  has  been  afcertained,  from  the  experi- 
ments of  Seheele,  Weftrumb,  Hermfladt,  and 
others,  that  the  acid  of  the  fait  of  forrel  does  not 
at  all  differ  from  that  of  fugar,  they  have  been 
accordingly  confounded  under  the  fame  deno- 
mination ;  and  that  fait  which  is  known  in  com- 
merce by  the  name  of  Salt  of  Sorrel,  is  an  acidu  • 
lous  oxalate  of  potafh. 

The  fait  of  forrel  is  made  in  Switzerland,  in  the 
Hartz,  in  the  forefts  of  Thuringia,  in  Swabia, 
and  elfewhere.  It  is  extracted  from  the  juice  of 
the  forrel  called  Alleluya.  Juncker,  Boerhaave, 
Margraaff,  and  others,  have  defcribed  the  pro- 
cefs  ufed  for  its  extraction.  The  juice  of  forrel 
is  exprefled,  diluted  with  water,  filtered,  and 
evaporated  to  the  confluence  of  cream.  It  is 
then  covered  with  oil,  to  prevent  its  fermenta- 
tion, and  left  in  a  cellar  for  fix  months. 

According  to  Mr.  Savary,  fitly  pounds  of 
this  plant  afford  five  and  twenty  of  juice,  from 
^which  no  more  than  two  ounces  and  a  half  of 
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the  fall  are  obtained.  Six  parts  of  boiling  wa- 
ter diilblve  one  of  the  fait.  It  appears  to  cryftal- 
lize  in  parallelopipedons,  according  to  De  Lifle. 

Margraaff  obferved  that  the  nitric  acid,  di- 
geited  upon  fait  of  forrel,  afforded  nitre. 

Calcareous  earth  has  the  property  of  difen- 
gaging  the  alkali ;  and  in  this  operation  the  car- 
bonic acid  of  the  chalk  unites  with  the  alkali  of 
the  fait,  and  forms  a  carbonate  of  potafh. 

Salt  of  forrel  unites  with  other  bafes  without 
yielding  its  own,  fo  that  the  refults  are  triple 
falts.  See  the  Encyclopedic  Methodique,  torn.  i. 
p.  200,  201. 

The  pure  oxalic  acid  may  be  obtained  by 
diftillation  of  this  fait,  as  Mr.  Savary  informs  us ; 
or  other  wife  by  depriving  it  of  its  alkali  by  means 
of  fulphuric  acid,  and  diftillation,  according 
to  Wiegleb's  method  ;  or  otherwife  by  the  pro- 
cefs  of  Scheele,  which  confifts  in  faturating  the 
exeefs  of  acid  with  ammoniac,  and  pouring  the 
nitrate  of  barytes  into  the  folution.  The  nitric 
acid  then  feizes  the  two  alkalis,  while  the  oxa- 
lic acid  unites  with  the  barytes,  and  falls  down. 
The  barytes  is  after  vards  taken  from  its  combi  • 
nation  by  the  fulphuric  acid,  and  leaves  the 
-oxalic  acid  difengaged. 

Scheele   has  likevvife  propofed  another  me- 
thod of  obtaining  the  pure  oxalic  acid.     It  con- 
1 3  fifts 
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lifts  in  diftblving  the  fait  in  water,  and  pouring 
in  a  folution  of  fait  of  faturn.  A  precipitate  13 
formed ;  and  the  fupernatant  liquor  contains 
the  alkali  of  the  fait  of  forrel,  united  with  a 
portion  of  the  vinegar.  The  precipitate  is  then 
wTafhed,  and  fulphuric  acid  poured  on,  which 
unites  with  the  lead :  and,  by  filtering  and 
evaporating,  the  oxalic  acid  is  obtained  in  cryf- 
tals,  fimilar  to  thofe  of  the  acid  of  fugar. 

Seheele  has  proved  the  identity  of  the  acid  of 
fait  of  forrel  with  that  which  is  extracted  from 
fugar.  He  diflblved  the  acid  of  fugar  to  fatu- 
ration  in  cold  water,  and  into  this  he  very 
gradually  poured  a  well-  faturated  folution  of 
potafh.  During  the  effervefcence,  he  obferved 
that  fmall  tranfparent  cryftals  were  formed^ 
which  were  found  to  be  a  true  fait  of  forrel. 

Mr.  Hoffman  has  proved  that  the  juice  and 
the  cryftals  of  the  berberris  vulgaris  contain  the 
oxalic  acid  combined  with  potafh.  And  the 
celebrated  Seheele  has  proved  that  the  earth  of 
rhubarb  is  a  combination  of  the  oxalic  acid 
with  lime. 
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ARTICLE     IX. 

Concerning  the  Vegetable  Acids. 

The  vegetable  acids  have  been  long  confi- 
dered  to  be  weaker  than  the  others ;  and  this 
opinion  was  adhered  to  until  it  was  obferved 
that  the  oxalic  acid  feized  lime  from  the  ful- 
phuric  acid.  The  principal  character  which 
may  ferve  to  eltablifh  a  line  of  diftinclion  be- 
tween the  vegetable  acids  and  others  are — 
1.  Their  volatility;  for  there  are  none  which 
do  not  rife  with  a  moderate  heat.  2.  Their 
property  of  leaving  a  coaly  refklue  after  com- 
buflion,  and  of  emitting  an  empyreumatic  fmell 
in  burning.  3.  The  nature  of  their  acidifiable 
bafe,  which  is  in  general  oily. 

But  are  all  the  vegetable  acids  identical  in 
their  nature  ?  And  may  they  not  be  confidcred 
as  modifications  of  one  and  the  fame  acid  ? 

If  we  depend  on  the  principle  laid  down  by 
the  celebrated  Monro,  who  coniiders  no  acids  as 
identical  but  fuch  as  form  exactly  the  fame  falts 
with  the  fame  bafe  (Phil.  Tranf.  vol.  lvii. 
p.  479),  there  will  be  no  queftion  but  that  all  the 
known  acids  ought  to  be  confidered  as  very  dif- 
ferent from  each  other.  But  this  method  of 
1 4  pro- 
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proceeding  appears  to  me  to  be  erroneous ;  be-r 
caufe  in  this  cafe  the  various  degrees  of  fatura-r 
tion  of  the  fame  principle  with  oxigene,  would 
eftablifh  various  kinds  of  acids.  The  flow  or 
the  rapid  combuftion  of  phofphorus  caufes  fuffi- 
cient  modifications  in  the  acid  to  afford  diffe- 
rent phofphoric  falts,  according  to  the  Experi- 
ments of  Meff  Sage  and  Lavoifier.  But  ought 
we  on  this  account  to  admit  of  two  fpecies  of 
phofphoric  acid  ?  By  following  the  method  of 
Monro,  which  is  that  of  mofl  chemifts,  we  might 
multiply  the  vegetable  acids  to  infinity ;  but 
by  collating  the  experiments  of  Hermfladt, 
Crell,  Scheele,  Weftrumb,  Berthollet,  Lavoifier, 
&c.  we  may  obferve  that  the  vegetable  acids 
are  merely  modifications  of  one  or  two  primitive 
acids. 

i .  Scheele  obtained  vinegar  by  treating  fugar 
and  gum  with  manganefe  and  the  nitric  acid. 
He  obferved  that  tartar  had  the  fame  effect  or 
habitude  as  fugar  in  the  folution  of  manganefe 
by  the  nitric  acids  ;  and  that  vinegar  was  found 
after  the  decompofition  of  ether. 

Mr.  Crell,  by  boiling  fhe  refidue  of  nitric  al- 
cohol (dulcified  fpirit  of  nitre)  with  much  nitric 
acid,  taking  care  to  adapt  veffels  to  condenfe 
the  vapour,  and  faturating  what  came  over  with 
alkali^  obtained  nitrate  and  the  acetate  of  potafh. 

The 
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The  latter  being  Separated  by  alcohol,    gives 
out  its  vinegar  by  the  auial  treatment. 

3.  The  fame  chemift,  by  boiling  the  pure 
oxalic  acid  with  twelve  or  fourteen  parts  of  ni- 
tric acid,  obferved  that  the  former  difappears ; 
and  the  receiver  is  found  to  contain  nitrous 
acid,  acetous  acid,  carbonic  acid,  and  nitro- 
genous gas ;  and  in  the  retort  there  remains  a 
little  calcareous  earth  *. 

4.  By  faturating  the  reiidue  of  nitric  alcohol 
with  chalk,  an  infoluble  fait  is  obtained ;  which, 
treated  with  the  fulphuric  acid,  affords  a  true 
tartareous  acid. 

5.  By  boiling  one  part  of  oxalic  acid  with 
one  part  and  a  half  of  manganefe,  and  a  fufrl- 
cient  quantity  of  nitric  acid,  the  manganefe  is 
almoft  totally  diflblved,  and  vinegar  with  ni- 
trous acid  pafs  into  the  receiver. 

6. "  By  boiling  tartareous  acid  and  manganefe 
with  the  fulphuric  acid,  the  manganefe  is  dif- 
folved,  and  vinegar  with  fulphuric  acid  are 
obtained. 

7.  By  digefting  for  feveral  months  the  tar- 
tareous acid  and  alcohol,  the  whole  becomes 

*  There  being  an  obvious  overfight  in  the  author's  para* 
graph,  I  have  taken  the  liberty  to  reftore  the  paflage  from 
CrelPs  original.  Journal  de  Phyf.  Oct  1785,  quoted  by  Dr. 
Beddoes  at  the  end  of  the  Englifti  Tranflation  of  Scheele's 
Eflays.     London,  1789.     T. 
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changed  into  vinegar  ;  and  the  air  of  the  vcflels 
is  found  to  confifl  of  carbonic  acid  and  nitro- 
gene  gas. 

From  thefe  facts  Crell  concludes  that  the  tar- 
tareous, oxalic,  and  acetous  acids,  are  merely 
modifications  of  the  fame  acid. 

In  the  Journal  de  Phyfique  for  September 
1787,  is  inferred  a  memoir  of  M.  Kermftadt  on 
the  conversion  of  the  oxalic  and  tartareous  acids 
into  acetous  acid. 

1.  By  caulmg  the  oxigenated  muriatic  acid 
to  pafs  through  very  pure  alcohol,  ether  is  pro- 
duced ;  and  the  oxigenated  acid  refumes  its 
character  of  ordinary  muriatic  acid.  The  ether 
by  diftillation  affords — 1.  Ether.  2.  Muriatic 
alcohol.  3.  Vinegar  mixed  with  regenerated 
muriatic  acid. 

2.  Nitric  acid  diftilled,  for  feveral  fucceffive 
times,  from  the  oxalic  and  tartareous  acids,' con- 
verts them  totally  into  acetous  acid. 

3.  Two  parts  of  oxalic  acid,  three  of  ful- 
phuric  acid,  and  four  of  manganefe,  mixed  with 
one  part  and  a  half  of  water,  and  diftilled  to- 
gether, afford  acetous  acid,  which  requires  to 
be  recohobated  and  rediftilled  to  become  very 
pure, 

4.  If  the  fulphuric  acid  be  boiled  upon  the 
oxalic  or  the  tartareous  acid,  thefe  two  laft  are 

not 
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not  deftroyed,  as  Bcrgmann  thought,  but  they 
are  converted  into  acetous  acid.  It  is  proved, 
by  the  experiments  of  M.  Hcrmftadt,  that  the 
fulphureous  acid  in  the  receiver,  when  ether  is 
made,  is  mixed  v.ith  much  acetous  acid. 

It  appears  therefore  to  be  proved  that  the 
tartareous,  oxalic,  and  acetous  acids  differ  from 
each  other  only  in  the  proportion  of  oxigene. — 
In  the  above  experiments  the  mineral  acids 
are  always  decompofed ;  and,  by  faturating 
the  radical  with  their  oxigene,  they  conftantly 
form  the  acetous  acid.  If  the  faturation  be  not 
exacl,  the  rcfult  is  either  oxalic  or  tartareous 
acid ;  which  is  ftill  more  proved  by  a  fine  ex- 
periment of  M.  Hermftadt.  If  three  parts  of 
fuming  nitric  acid  be  put  into  the  pneumatic 
apparatus,  and  a  large  jar  be  adapted,  filled  with 
water;  if  then  one  part  of  good  alcohol  be 
poure'd  in,  by  a  little  at  a  time,  the  mixture  will 
be  heated  every  time  a  drop  of  the  alcohol  is  let 
fall,  and  a  great  quantity  of  bubbles  will  rife 
into  the  receiver.  When  the  operation  is  end- 
ed, if  care  be  taken  to  collect  the  gas,  it  will  be 
found  to  confifl:  of  nitrous  gas,  a  fmall  quantity 
of  carbonic  acid,  and  about  a  twelfth  part  of 
the  acetous  air  of  Prieflley.  The  refidue  affords 
oxalic  acid  and  acetous  acid.  The  oxalic  acid 
fiifappears  if  the  operation  be  continued  ;  ether 

is 
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is  formed ;   and  the  acetous  acid  remains,  and 
becomes  more  in  quantity. 

M.  Hermfladt  has  likewife  fucceeded  in 
converting  the  acids  of  tamarinds,  of  citrons,  of 
marc  of  grapes,  the  juice  of  plums,  apples,  pears, 
goofeberries,  berberries,  forrel,  and  others,  into 
the  oxalic,  tartareous,  and  acetous  acids. 

From  all  thefe  experiments  it  appears,  that 
the  oxigcne,  combined  with  a  principle  of  alco- 
hol, forms  the  oxalic  acid ;  and  that  a  more  ac- 
curate faturation  of  this  principle  with  oxigene 
forms  the  tartareous  and  acetous  acids. 

M.  Lavoifier  has  proved  that  the  known  ve- 
getable acids  do  not  differ  from  each  other  but 
in  the  proportion  of  hydrogene  and  carbone, 
and  in  their  degree  of  oxigenation. 

I  have  proved  (in  the  Memoirs  of  the  Aca- 
demy of  Sciences  of  Paris  for  the  year  1786) 
that  water  impregnated  with  the  gas  difengaged 
from  the  juice  of  grapes  in  fermentation,  pafies 
to  the  ftate  of  acetous  acid. 

It  appears  that  the  vegetable  acids  may  be 
confidcred  in  two  very  different  points  of  view. 
Moft  of  them  exifl  in  the  plant  itCdf;  but  the 
properties  and  acid  characters  are  difguifed  by 
their  combination  with  other  principles,  fuch  as 
oils,  earths,  alkalis,  &c.  On  the  other  hand, 
feveral   acids    are   extracted    from    vegetables, 

which 
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which  did  not  exift  in  nature.  In  this  cafe  the 
plant  contained  only  the  radical,  and  the  reagent 
with  which  it  is  treated  affords  the  oxigene. 

The  mere  diltillation  of  moit  vegetables  is 
fufficient  to  develope  an  acid,  which  was  dif- 
guifed  by  oily,  alkaline,  or  earthy  fubftances. 

i.  The  peculiar  acid  called  the  Pyro-muci- 
Jaginous  acid,  is  afforded  by  diflillation  by  all 
plants  which  contain  a  faccharine  juice. 

For  the  preparation  of  this  acid,  the  quantity 
of  fugar  intended  to  be  operated  upon  is  put 
into  a  very  capacious  retort  (the  large  fize  being 
requifite,  becaufe  the  matter  fwells  up),  and  a 
receiver  fufriciently  ample  to  condenfe  the  va- 
pour is  adapted.      An  aflonifhing  quantity  of 
carbonic  acid  and  hydrogene  gas  are  difengaged 
by  the  firft  impreflion  of  the  fire.     A  brown 
fluid  remains  in  the  receiver,  moft  of  which  con- 
lifts  of  a  wreak  acid,  colouring  blue  paper,  and 
rendered  dark  by  a  portion  of  oil.     The  retort 
contains  a  fpongy  coal.     M.  Schrickel  advifes 
the  rectification  of  the  product  of  the  firft  distil- 
lation from  clay,  in  order  to  purify  the  acid  :  but 
M.  de  Morveau  has  rediftilled  it  without  inter- 
medium ;  and  the  acid  he  obtained  had  only  a 
flight  yeilow  tinge.       Its  fpecific  gravity   was 
1,0115,  tne   thermometer    (landing  at  twenty 
degrees. 

A* 
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As  this  acid  rifes  at  the  fame  temperature'  &i 
water,  it  is  not  poffible  to  concentrate  it  by  dif- 
tillation.  But  this  purpofe  may  be  effccled  by 
freezing;  and  in  this  manner  it  was  that  JVL 
Schrickel  prepared  the  acid  he  made  ufe  of  td 
afcertain  its  combinations* 

This  acid  exifts  in  all  bodies  capable  of  patf- 
ing  to  the  spirituous  fermentation,  while  they 
contain  only  the  radical  of  the  oxalic  acid.  The 
pyromucilaginous  acid  is  combined  in  the  vege- 
table with  oils  in  the  faponaccous  flate* 

This  concentrated  acid  has  a  very  penetrating 
tafte.  It  flrongly  reddens  blue  colours.  If  it 
be  expofed  to  heat  in  open  veffels,  it  is  diffi- 
pated,  and  leaves  only  a  brown  fpot.  If  it  be 
heated  in  clofed  veffels^  it  leaves  a  more  confix 
derable  refidue,  of  the  nature  of  the  coal  of  fugan 

This  acid  fpeedily  attacks  the  earthy  and  al- 
kaline carbonates,  and  forms  falts  differing  from 
the  oxalates.  According  to  Mr.  Schrickel,  it 
ditTblves  gold.  He  affirms  that  he  made  the 
experiment  in  the  prefence  of  Fred.  x\ug.  Car- 
theufer.  Lemery  had  aflerted  that  the  fpirit  of 
honey  poflefTed  this  property  ;  and  this  opinion 
is  likewife  fupported  in  the  works  of  Depre, 
Etmuller,  &c.  Neumann  oppofed  the  afler-^ 
tion ;  and  the  experiments  of  M.  de  Morveau 
confirm  thofe  of  this  lafl  chemift. 

Silver 
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Silver  is  not  attacked  by  the  pyromucilagi- 
nous  acid  ;  but  mercury  combines  with  it  by  vir- 
tue of  a  long  digeftion.     Confult  De  Morveau, 

This  acid  corrodes  lead,  and  forms  a  very 
ftyptic  fait  in  long  cryftals.  With  copper  it 
forms  a  green  folution.  It  partly  diftblves  tin, 
and  affords  green  cryftals  with  iron. 

i.  The  denomination  of  the  Pyroligncous 
Acid  has  been  given  to  the  acid  obtained  by 
diftillation  from  wood.  It  has  been  long  known 
that  the  hardeft  woods  afford  an  acid  principle, 
mixed  with  an  oil,  which  partly  difguifes  its 
properties ;  but  no  one  had  directly  attended  to 
a  determination  of  the  habitudes  of  this  acid, 
till  M.  Goettling  publifhed,  in  Crell's  Annals 
for  1779,  a  feries  of  refearches  on  the  acid  of 
wood,  and  the  ether  it  affords. 

M.  de  Morveau,  to  obtain  this  acid,  diftilled 
fmall  pieces  of  very  dry  beech  in  an  iron  re- 
tort, by  a  reverberatory  furnace.  He  changes 
the  receiver  when  the  oil  begins  to  rife,  and 
rectifies  his  prod u 61  by  a  fecond  diftillation. 
Fifty-five  ounces  of  very  dry  chips  afforded  fe- 
venteen  ounces  of  recti ried  acid,  of  an  amber 
colour,  not  at  all  empyreumatic  ;  whole  fpeciric 
gravity,  compared  with  that  of  diftilled  water, 
was  as  49  :  48. 

This  acid   ftrongly  reddens  blue   vegetable 

colours. 
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colours.  One  ounce  required  twenty-three 
ounces  and  a  half  of  lime  water  for  its  com- 
plete  faturation. 

It  fupports  the  action  of  heat  very  well  when 
it  is  engaged  in  an  alkaline  bafe ;  but  by  a 
ftrong  heat  it  is  burned,  like  all  the  vegetable 
acids. 

It  does  not  precipitate  martial  folutions  of  a 
black  colour. 

It  unites  with  alkalis,  earths,  and  metals.  It 
does  not  give  up  lime  or  barytes  to  -combine 
with  cauftic  alkalis. 

The  action  of  the  pyroligneous  acid  upon 
metallic  fubftances,  and  upon  alumine,  may  be 
compared  with  that  of  the  acetous  acid,  and  ap- 
pears to  follow  the  fame  order. 

This  acid  diflblves  near  twice  its  weight  of 
the  oxide  of  lead. 

3.  The  citric  acid.  Lemon  juice  is  in  a  dif- 
engaged  ftate  in  the  fruit,  and  exhibits  its  acid 
properties  without  any  preparation.  This  acid 
is  neverthelefs  always  mixed  with  a  mucilagi- 
nous principle,  capable  of  altering  by  fermenta- 
tion. Mr.  Georgius  has  defcribed,  in  the  Me- 
moirs of  Stockholm  for  the  year  1774,  a  method 
of  purifying  this  acid  without  changing  its  pro- 
perties. He  fills  a  bottle  with  lemon  juice, 
clofes  it  with  a  cork,  and  preferves  it  in  a  cel- 
lar. 
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lar.  The  acid  was  preferred  for  four  years,  with- 
out corrupting.  The  mucilaginous  parts  had  fal- 
len down  in  flocks;  and  a  fblid  cruit  was  formed 
beneath  the  cork,  the  acid  itfelf  having  become 
as  limpid  as  water.  To  dephiegmate  the  acid, 
he  expofes  it  to  froit;  and  obferves  that  the  tem- 
perature ought  not  to  be  too  cold,  becaufe  in  that 
cafe  the  whole  would  become  folid  ;  and  though 
the  acid  would  thaw  the  flrft,  it  would  always 
be  productive  of  fome  inconvenience.  In  order 
to  concentrate  it  to  better  advantage,  the  ice 
mult  be  feparated  as  it  forms.  The  firit  ice  is 
taftelefs,  and  the  laft  is  rather  four ;  and  by  this 
means  the  liquor  is  reduced  to  half.  The  acid 
thus  concentrated  is  eight  times  as  ftrong,  two 
gros  only  being  required  to  faturate  one  gros  of 
potafh. 

The  citric  acid,  when  thus  purified  and  con- 
centrated, may  be  kept  for  feveral  years  in  a 
bottle;  and  ferves  for  all  ufes,  not  excepting  that 
of  making  lemonade. 

The  chemifts  in  general  who  have  examined 
the  combinations  of  the  citric  acid,  have  ufca  it 
in  its  original  ftate,  embarrafled  with  its  muci- 
laginous principle.  Such  is  the  rcfult  of  the 
experiments  of  M.  Wenzel,  who  obtained  only 
gummy  products.  But  M.  de  Morveau  hav- 
ing faturated  the  purified  acid  with  cryitals  of 

Vol.  III.  K  potato, 
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potafh,  found  a  non-deli quefcent  fait  at  the  encf 

of  a  certain  time. 

The  combinations  of  this  acid  are  little 
known. 

4.  The  malic  acid. — This  acid  was  announced 
by  Scheele  in  1785,  and  publifhed  in  Crell's 
Annals.  In  order  to  obtain  it,  the  juice  of  apples 
is  faturated  with  alkali,  and  the  acetous  folu- 
tion  of  lead  is  poured  in  until  it  occafions  no 
more  precipitate.  The  precipitate  is  then  edul- 
corated, and  fulphuric  acid  poured  on  it  until 
the  liquor  has  acquired  a  frefh  acid  tafte,  without 
any  mixture  of  fweetnefs.  The  whole  is  then 
filtered,  to  feparate  the  fulphate  of  lead.  This 
acid  is  very  pure,  always  in  the  fluid  itate,  and 
cannot  be  rendered  concrete. 

It  unites  with  the  three  alkalis,  and  forms 
deliquefcent  neutral  falts.  When  faturated  with 
lime,  it  affords  fmall  irregular  cryilals,  which 
are  foluble  only  in  boiling  water.  Its  habitude 
with  barytes  is  the  fame  as  with  lime. 

With  aln mine  it  forms  a  neutral  fait  of  fparing 
fblubility  in  water,  and  with  magnefia  a  deli- 
quefcent fait. 

It  differs  from  the  citric  acid-— 1.  Becaufe  the 
citric  acid  faturated  with  lime  and  precipitated 
by  the  fulphuric  acid,  cryftallizes  ;  whereas  this 
is  not  cryflallizable.  a.  The  malic  acid,  treated 

with 
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with  the  nitric  acid,  affords  the  oxalic  acid  ;  the 
citric  acid  does  not  afford  it.  3.  The  citrate  of 
lime  is  almoft  infoluble  in  boiling  water  :  the 
malate  of  lime  is  more  foluble.  4.  The  malic 
acid  precipitates  the  folutions  of  the  nitrates  of 
lead,  of  mercury,  and  of  filver ;  but  the  citric 
acid  produces  no  change.  5.  If  the  folutions  of 
the  nitrate  of  ammoniac,  and  malate  of  lime,  be 
boiled  together  for  an  inftant,  the  latter  fait  is 
decompofed,  and  nitrate  of  lime  falls  down  ; 
which  proves  that  the  affinity  of  the  malic  acid 
with  lime  is  weaker  than  that  of  the  nitric. 

The  celebrated  Scheele,  who  has  rendered  us 
acquainted  with  this  acid,  has  publifhed  the  fol- 
lowing table  of  the  fruits  which  afford  this  acid, 
either  pure  or  mixed  with  other  acids. 

The  exprefled  juices  of  the  fruits  of 

Berberris  vulgaris,  the  Barberry  tree, 

Sambucus  nigra,  Elder, 

Primus  fpinofa,  Sloe, 

Sorbus  aucup.  Service, 

Prunus  domeftic.   Garden  plum. 

Ribes  groflularia,  the  Hairy  Goofeberry," 
Ribes  rubrum,  the  Currant, 
Vaccinium  mirtellus,  Whortleberry, 
Crataegus  aria,  Common  Lotus, 
Prunus  Cerafus,  Cherry, 
Fragaria  vefca,  Strawberry, 
Rubus  chamemorus,  Bilberry, 
Rubus  idxus,  Rafpberry, 


Afford  much  ma- 
lic acid,  and  lit- 
tle or  none  of 
the  citric  acid. 


Appear  to  con- 
tain half  of  the 
one  and  half  of 
the  other. 


Kj 


Vaccinium 


trie,  and  little 
or  none  of  the1 
malic  acid. 
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Vaccinium  oxycacos,  Marfhwhortle, 

Vaccinium  Vitis  Ida*,  ]  Contain  much  ci-> 

Prunus  padus,  Bird's  Cherry, 

Solanum  dulcamara, 

Cynofbatos,  Eglantine, 

Citrus,  Citron  or  Lemon, 

According  to  the  fame  chemift,  the  juice  of" 
green  grapes,  as  well  as  that  of  tamarinds,  con- 
tains only  the  acid  of  citrons. 

Scheele  has  likewife  proved  the  exiflence  of 
the  malic  acid  in  fugar.  If  weak  nitric  acid  be 
poured  on  fugar,  and  diflilled  till  the  mixture 
begins  to  turn  brown,  all  the  oxalic  acid  may  be 
precipitated  by  the  addition  of  lime-water ;  and 
another  acid  will  remain,  which  the  lime-water 
does  not  precipitate.  To  obtain  this  acid  in  a 
flate  of  purity,  the  liquor  is  faturated  by  means* 
of  chalk,  then  filtered,  and  alcohol  added,  which 
occafions  a  coagulation.  This  coagulation,  well 
warned  in  alcohol,  is  redifTolved  in  diflilled 
water*  The  malate  of  lime  is  decompofed  by 
the  acetate  of  lead  ;  and,  laft  of  all,  the  malic 
acid  is  difengaged  by  the  fulphuric  acid.  The 
alcohol  by  evaporation  leaves  a  fubfiance  rather 
bitter  than  fweet,  which  is  deliquefcent,  and  re- 
femblcs  the  faponaceous  matter  of  lemon  juice. 
If  a  fmall  quantity  of  nitric  acid  be  diflilled  from 
this,  the  malic  and  oxalic  acids  are  obtained. 

By  treating  various  other  fubflances  with  the 

nitric 
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nitric  acid,  the  malic  and  the  oxalic  acids  are 
likewife  obtained.  Such  are  gum  arabic,  man- 
na, fugar,  of  milk,  gum  adragant,  flarch,  and  the 
fecula  of  potatoes.  The  extract  of  nut-galls, 
the  oil  of  parfley  feed,  the  aqueous  extract  of 
aloes,  of  coloquintida,  of  rhubarb,  of  opium, 
afforded  not  only  the  two  acids  to  Mr.  Scheele, 
but  likewife  much  refin. 

This  celebrated  chemift,  by  treating  feveral 
animal  fubftances  with  very  concentrated  nitric 
acid,  obtained  the  malic  and  the  oxalic  acids 
from  them.  Fifh  glue,  or  ilinglafs,  white  of 
egg,  yolk  of  egg,  and  blood,  treated  in  the  fame 
manner,  afforded  the  fame  products. 

There  are  few  vegetables  which  do  not  exhi- 
bit fome  acid  more  or  lefs  developed.  We  fee, 
for  example,  all  fruits,  inlipid  atfirft,  become  in- 
fenfibly  acid  ;  and  finifh  by  lofing  that  tafie,  and 
become  faccharine.  There  are  fome  which  con- 
ilantly  preferve  an  acid  tafle,  and  form  a  parti* 
cular  clafs. 

Some  plants  contain  an  acid  principle  diffused 
through  the  whole  parenchyma  or  body  of  the 
vegetable.  Such  are  the  yellow  gilly-flower, 
bardana  or  waterdock,  filipendula  or  dropwort, 
water  crefTes,  the  herb  robert,  &c.  Thefe  plants 
fenfibly  redden  blue  paper. 

There  are  others  in  which  the  acid  principle 
K  3  esifts 
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exifts  only  in  part  of  the  plant ;  as,  for  example, 
in  the  leaves  of  the  greater  valerian,  the  fruit  of 
the  winter  cherry  and  of  the  cornel  tree,  the  bark 
of  burdock,  and  the  root  of  ariftolochia  or 
birth  wort. 

Mr.  Monro  communicated  fome  experiments 
to  the  Royal  Society  of  London,  in  1767,  which 
prove  that  certain  vegetables  contain  acids  near- 
ly in  a  difengaged  ftate,  and  even  fuch  as  are 
the  leafl  promifing  on  a  flight  examination. 

1.  Having  peeled  two  dozen  of  fu mm er  apples, 
and  cut  them  into  fmall  pieces,  he  poured  water 
upon  them,  in  which  he  had  previoufly  diflblved 
two  ounces  of  foda,  and  left  the  whole  to  fland 
for  fix  days.  The  filtrated  liquor,  evaporated, 
and  left  in  repofe  for  fix  days  more,  afforded  a 
beautiful  fait,  in  fmall  round  tranfparent  plates, 
placed  edgewife  on  each  other. 

2.  The  juice  of  mulberries  clarified  with  the 
white  of  tgg,  and  faturated  with  foda,  afforded 
a  pulverulent  fait  of  no  regular  figure ;  which  by 
repeated  folutions  and  evaporations,  at  laft,  pro- 
duced long  cryftals,  one  kind  being  thin,  and 
the  other  thicker,  which  crofied  each  other. 

3.  He  obtained  fmall  cubical  or  rhomboidal 
cryftals  by  treating  peaches  and  oranges  with 
foda. 

4.  The  green  plum  afforded,  after  feveral  fo- 
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iutions  and  cryftallizations,  a  neutral  fait,  which 
cryftallized  without  evaporation  in  large  hexa- 
gonal plates,  and  partly  in  large  rhombi.  This 
fait  had  a  hot  tafte,  and  was  foluble  in  three  or 
four  times  its  weight  of  cold  water. 

5.  The  red  gooleberry  afforded,  by  evapora- 
tion and  cooling,  fmall  very  hard  rhomboidal 
cryftals,  not  changeable  in  the  air  ;  whofe  tafte 
refembled  that  of  the  fait  produced  by  a  combi- 
nation of  the  citric  acid  with  the  lame  bafe. 

The  green  goofeberry  produced  a  faline  cruft 
formed  of  fmall  rhomboidal  cryftals,  and  cover- 
ed with  their  brilliant  fcales. 

6.  The  green  grape  afforded  Mr.  Monro,  by 
repeated  folutions,  a  neutral  fait,  in  fmall  cubi- 
cal cryftals,  of  a  rhomboidal  or  parallelogramic 
figure,  lying  upon  and  interfering  each  other. 

The  juice  of  hemloc  afforded  M.  Baume  a 
fait  in  fmall  irregular  cryftals,  nearly  taftelefs, 
but  reddening  the  infufion  of  turnfole. 

7.  M.  Rinman,  in  his  Hiitory  of  Iron,  places 
the  forb-apple  and  floe  among  the  fubftances 
capable  of  corroding  and  cleanling  the  furface  of 
this  metal,  on  account  of  their  acid. 

When,  by  the  decompofition  of  certain  vege- 
tables by  the  nitric  acid,  an  acid  was  obtained 
as  the  laft  refult,  it  was  thought  to  have  exifted 
ready  formed  in  the  vegetable  ;  but  a  more  in- 
K  4  timate 
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timate  examination  fhewed  that  the  acid  made  life 
of  in  this  operation  was  merely  decompofcd,  while 
it  deftroyed  the  organization  of  the  vegetable, 
difunited  the  combinations  which  retained  the 
principles,  and  that  the  oxigenous  bafc  of  this 
aGid,  by  uniting  with  an  element  of  the  vegeta- 
ble, formed  a  peculiar  acid.  This  truth  is  de- 
duced from  the  combined  procefles  of  M.  La- 
voifier,  De  Morveau,  &c. 

It  is  to  a  fimilar  caufe  that  we  ought  to  attri- 
bute the  formation  of  the  acetous,  the  carbonic, 
and  other  vegetable  acids ;  and  even  the  ranci- 
dity of  oils,  and  the  alteration  to  which  fome 
other  principles  of  the  vegetable  kingdom  are 
fubjecl:.  In  thefe  cafes  the  air  affords  the  oxi- 
gene  which  becomes  fixed  in  the  plant,  and 
gives  it  an  acid  nature. 

The  oxalic  acid  does  not  exift  ready  formed 
in  fugar,  neither  is  the  camphoric  acid  ready 
formed  in  camphor.  The  fame  may  be  ob- 
ferved  of  feveral  other  acids  which  are  extraclcd 
by  means  of  certain  acids  decompofed  by  being 
treated  with  vegetable  fubftances.  We  fhali 
fpeak  of  thefe  acids  when  we  come  to  treat  of 
their  radical  principles. 


ARTI- 
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ARTICLE      X. 

Concerning  Alkalis. 

Alkali  exiils  ready  formed  in  plants.  Duha- 
inel  and  Groffe  have  proved  that  it  might  be 
extracted  by  means  of  acids.  Margraaf  and 
Rouclle  have  added  new  proofs  in  fupport  of 
the  aflertions  of  thefe  chemifts.  They  have  ob- 
ferved,  from  their  experiments,  that  the  alkali 
exifted  in  a  difengaged  ftate  in  vegetables  :  but 
thefe  experiments  proved  at  moft  that  their  ftate 
of  combination  is  fuch  that  it  may  be  broken 
by  the  mineral  acids.  The  alkali,  in  fome  in- 
stances, is  nearly  in  a  difengaged  ftate  ;  for  it  is 
found  in  combination  with  carbonic  acid  in  the 
helianthus  annuus.  But  the  alkali  of  plants  is 
often  combined  with  the  oily  principle. 

When  it  is  required  to  extract  the  alkali 
from  a  vegetable  fubftance,  all  the  principles 
with  which  it  may  be  united,  are  deftroyed  by 
fire ;  and  it  is  cleared  from  the  refidues  of  the 
combuftion  by  lixiviation.  This  is  the  procefs 
ufed  to  make  the  impure  alkali,  called////;/,  as 
we  have  already  obferved. 

If  wood  remains  a  long  time  under  water,  it 
is  deprived  of  its  property  of  affording  an  al- 
kali 
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kali  by  combuftion ;  becaufe  the  water  diflblves 

the  compounds  which  may  contain  it. 

Marine  plants  afford  an  alkali  of  another  na- 
ture, known  by  the  name  of  Soda.  Vegetables 
poflefs  the  power  of  decompofing  common  fea 
fait,  and  retaining  its  alkaline  bafe.  AH  infipid 
plants  are  capable  of  affording  more  or  lefs  of 
foda,  if  they  be  raifed  on  the  fea  coaft ;  but  they 
perifh  there  in  a  fhort  time. 

Ammoniac  is  likewife  found  in  plants.  The 
glutinous  part  of  gramineous  vegetables  con- 
tain it,  and  give  it  out  to  the  nitric,  muriatic, 
and  other  acids,  according  to  M.  Poulletier : 
and  nothing  more  is  required  than  to  triturate 
the  eflential  fait  of  wormwood  with  fixed  alkali, 
to  feparate  the  volatile.  This  alkali  appears  to 
be  one  of  the  principles  of  the  tetradynamia,  as 
thefe  afford  it  by  fimple  diftillation. 

Alkalis  likewife  exift  in  plants  in  the  ftate  of 
neutral  falts.  They  are  combined  with  the  ful- 
phuric  acid  in  old  borage  and  in  fome  aftrin- 
gent  plants.  The  fulphate  of  potafh  appears 
to  exift  in  almoft  all  vegetables,  as  the  potafh 
contains  more  or  lefs  of  it ;  and  the  analyfis  of 
tobacco  has  afforfled  me  a  conilderable  quan- 
tity. 

Tamarifc  affords  the  fulphate  of  foda  in  fuch 
abundance,  that  by  extracting  it  from  the  afhes 
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of  this  plant,  it  can  be  afforded  in  very  beautiful 
and  pure  cryflals  at  thirty  livrcs  the  quintal. 

The  greater  turnfole,  parietaria,  and  borage 
contain  nitrate  of  potafh. 

The  muriates  of  foda  and  of  potafh  arc  af- 
forded by  marine  plants. 

We  likewife  find  the  alkalis  combined  with 
f  he  acids  of  vegetation,  fuch  as  the  oxalic,  the 
tartareous,  and  other  acids. 

It  appears  that  the  feveral  falts  are  the  pro- 
ducts of  the  vegetation,  and  peculiar  effect  of 
the  organization,  of  vegetables.  Two  plants 
which  grow  in  the  fame  foil,  afford  very  dif- 
ferent falts ;  and  each  plant  conftantly  affords 
the  fame  kind.  Befides  this,  Homberg  ob- 
ferved  (Mem.  Acad.  Par.  1669)  that  the  fame 
falts  were  developed  by  plants  growing  in  earths 
previoufly  well  warned,  and  afterwards  watered 
witi  diftilled  water. 

We  may  therefore  clafs  falts  among  the  prin- 
ciples of  vegetables,  and  no  longer  conflder 
them  as  accidentally  contained  in  plants.  I  do 
not  however  deny  that  the  combuflion  of  a  plant 
may  not  give  rife  to  fome  of  them,  and  increafe 
or  diminifh  the  proportions  of  others.  Combus- 
tion muft  form  combinations  which  did  not 
exift  in  the  plant,  and  deflroy  feveral  of  thofe 
which   exifted    before.      The   atmofpheric  air 

employed 
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employed  in  this  operation  muft  unite  with  ceiv 
tain  principles,  and  produce  various  remits.  The 
nitrogene  gas  which  is  precipitated  in  torrents 
in  the  focus  of  combuftion,  probably  combines 
with  fome  of  the  principles  to  form  alkalis,  and 
confequently  may  augment  the  quantity  of  thofe 
which  naturally  exift  in  the  plant. 


ARTICLE    XL 

Concerning  the  Colouring  Principles. 

The  object  of  the  art  of  dyeing  confifts  in  de* 
priving  one  body  of  its  colouring  principle,  to 
fix  it  upon  another  in  a  durable  manner ;  and 
the  feries  of  manipulations  neceiTary  to  produce 
this  effect,  conftitutcs  the  art  itfelf.  This  art  is 
one  of  the  moil  ufeful  and  wonderful  of  any  we 
are  acquainted  with ;  and  if  there  be  any  one 
of  the  arts  which  is  capable  of  infpiring  a  noble 
pride,  it  is  this.  It  not  only  affords  the  means 
of  imitating  nature  in  the  riches  and  brilliancy 
of  her  colours;  but  it  appears  to  have  furpafled 
her,  in  giving  a  greater  degree  of  brilliancy,  fix- 
ity, and  folidity  to  the  fugacious  and  tranfient 
colours  with  which  fne  has  clothed  the  pro- 
ductions around  us, 

The 
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The  feries  of  operations  which  conftitute  the 
art  of  dyeing,  are  ablblutely  dependant  on  the 
principles  cf  chemiflry  :  and  though  it  is  to  ac- 
cidents, or  the  very  flight  combination  of  facts 
fuggefted  by  the  comparifon  of  a  few  circum- 
ftances,  that  we  are  indebted  in  this  part  of  che- 
miflry for  feveral  excellent  receipts,  and  fome 
principles ;  yet  it  is  not  the  lefs  true,  that  no 
confiderable  progrefs  will  ever  be  made,  nor 
any  folid  foundation  eftablifhed,  but  by  analys- 
ing the  operations,  and  reducing  them  to  ge- 
neral principles,  which  chemiflry  alone  can  af- 
ford. The  neceiflty  of  eitablifhing  proper  prin- 
ciples is  ftill  farther  evinced  by  the  uncertainty 
and  continual  trials  which  prevail  in  the  manu- 
factories. The  flighteft  change  in  the  nature 
of  the  fubflances  puts  the  artifl  to  a  ftand,  in- 
fbrriuch  that  he  is  incapable  of  himfelf  of  reme- 
dying the  defects  which  arife.  Whence  follow 
continual  lofles,  and  a  difcouraging  alternation 
of  fuccefs  and  difappointment. 

The  little  progrefs  which  chemiflry  has  hi- 
therto made  in  the  art  of  dyeing,  depends  on 
feveral  caufes,  which  we  fhall  proceed  to  ex- 
plain. 

The  firfl  caufe  of  this  flow  progrefs  depends 
on  the  difficulty  of  afcertaining  with  any  degree 
of  certainty  the  nature,  properties,  and  affinities, 
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of  the  colouring  principle.     In  order  to  extract 
this  principle,  we  muft  be  acquainted  with  the 
nature  of  its  folvent ;  we  muft  know  whether 
the  principle  be  in  a  ftate  of  purity,  or  mixed 
with  other  parts  of  the  vegetable  ;  whether  this 
colouring  matter  coniift  of  one  principle  alone, 
or  is  formed  by  the  union  of  a  number:  we 
muft  alfo  render  ourfelves  acquainted  with  its 
affinities  with  various  kinds  of  ftuff ;  for  it  is 
afcertained  by  experience  that  certain  colours 
adhere  very  well  to  wool,  though  they  do  not 
alter  the  whitenefs  of  cotton.     In  addition  to 
thefe  neceflary  parts  of  knowledge,  it  will  like- 
wife  be  required  to  determine  its  affinity  with 
the  mordant,  for  alum  is  the  mordant  for  fome 
colours  and  not  others :  befides  which,  the  ac- 
tion or  effect  of  other  bodies  upon  the  colour 
when  dyed    muft  be  afcertained,  in   order   to 
contrive  the  means  of  defending  it  from  altera- 
tion, &c. 

The  fecond  caufe  which  has  retarded  the  ap- 
plication of  chemiftry  to  dyeing,  is  the  difficulty 
the  chemift  finds  in  procuring  opportunities  of 
making  experiments  in  the  large  way.  Preju- 
dice, which  reigns  defpotically  in  the  dye-houfe, 
tends  to  expel  the  chemift  as  a  dangerous  inno- 
vator ;  and  the  proverb,  that  Experience  is  better 
than  Science,  contributes  to  prevent  the  intro- 
duction 
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duction  of  improvements  into  manufactories. 
It  is  very  certain  that  a  dyer,  confined  to  the 
mere  practical  part  of  his  bufinefs,  will  without 
controverfy  produce  a  better  fcarlet  than  a  che- 
mift  who  is  acquainted  only  with  the  princi- 
ples; for  the  fame  realbn  as  a  fimple  workman 
in  clock  making  will  make  a  better  watch  than 
the  mofl  celebrated  mechanic.  In  thefe  cafes 
we  may  admit  that  experience  is  better  than 
fcience ;  but  when  it  is  required  to  refolve  any 
problem,  to  explain  any  phenomenon,  or  to  dif- 
cover  fome  error  in  the  complicated  details  of 
an  operation,  the  mere  artizan  is  at  the  end  of 
his  knowledge,  is  totally  at  a  lofs,  and  would 
derive  the  greateft  advantage  from  the  aflifl- 
ance  of  the  man  of  fcience. 

Another  caufe  of  the  flow  progrefs  of  che- 
miftry  in  the  art  of  dyeing,  is,  that  mofl  of  the 
works  which  treat  upon  this  art  are  confined  to 
defcriptions  of  the  proceffes  ufed  in  the  manu- 
factories. Thefe  works,  it  muft  be  admitted, 
poffefs  their  advantages;  but  they  do  not  ad- 
vance the  fcience  of  operations  a  fingle  ftep. 
They  only  exhibit  the  fketch  of  a  country, 
without  indicating  either  its  relative  fituation, 
or  the  nature  of  its  products.  It  has  indeed 
been  very  difficult,  till  lately,  to  do  more  than 
this ;  becaufe  the  gafes,  which  are  fb  greatly 
4  concerned 
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concerned  in  this  part  of  chemiftry,  were  un=* 
known  ;  becaufe  the  action  of  light  and  of  the 
air,  which  is  fo  powerful  upon  colours,  was  a 
fact  of  which  neither  the  caufe  nor  the  theory 
could  be  known  ;  and  more  particularly  becaufe 
the  falts  and  combinations  of  three,  four  and  five 
principles  were  not  known,  though  they  very 
much  tend  to  render  the  effects  of  operations  on 
vegetables  more  complicated. 

In  order  therefore  to  make  a  progrefs  in  the 
art  of  dyeing,  we  mull  ground  our  reafoning  on 
other  principles.  I  mail  proceed  to  fketch  out 
a  plan  which  feems  to  me  to  be  adapted  to  this 
purpofe.     We  fhall  examine— 

1.  The  manner  in  which  the  colours  of 
various  bodies  are  developed  and  formed. 

2.  The  nature  of  the  combinations  of  thefe 
fame  colours  in  thefe  bodies,  and  the  properefl 
means  of  extracting  them. 

3.  The  moft  advantageous  procefTes  for  ap- 
plying them. 

1 .  Colours  are  all  formed  in  the  folar  light.  The 
property  which  bodies  poffefs  of  ablbrbing  fome 
rays,  and  reflecting  others,  forms  the  various 
tinges  of  colours  with  which  they  are  decorated, 
as  is  proved  from  the  experiments  of  Newton. 

From  this  principle  we  may  conflder  the  art 
of  dyeing  under  two  very  different  points  of  view. 

For 
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For  we  may  determine  the  colour  upon  a  body 
either  by  changing  the  form  and  difpofition  of 
its  pores  ;  fo  that  it  may  acquire  the  property 
of  reflecting  a  different  kind  of  rays  from  thofe 
which  it  reflected  before  it  was  fubjected  to 
thefe  mechanical  operations.  Thus  it  is  that 
by  trituration  we  change  the  colour  of  many 
bodies;  and  to  this  caufe  it  is  that  we  muft 
refer  all  the  effects  dependant  on  the  reflexi- 
bility  and  refrangibility  of  rays.  This  colora- 
tion depends,  as  we  fee,  merely  on  the  changes 
produced  in  the  furfaces  of  bodies,  or  the  dif- 
pofition of  their  pores.  The  phenomena  of 
refrangibility  depend  on  the  denfity  or  fpecific 
gravity  of  bodies,  according  to  Newton  and 
Delaval. 

The  other  method  of  caufing  a  body  to  ex- 
hibit a  determinate  colour,  confifts  in  transfer- 
ing  to  the  furface  of  the  body  fome  other  body 
or  fubftance  which  poflefles  the  property  of 
reflecting  this  known  ray.  This  is  the  effect 
chiefly  produced  by  dyeing. 

But  in  what  manner  do  the  coloured  bodies 
of  the  three  kingdoms  of  nature  acquire  the 
property  of  conftantly  reflecting  one  deter- 
minate kind  of  rays  ?  This  is  a  very  delicate 
queftion ;  for  the  elucidation  of  which  I  fhall 
bring  together  a  few  facts. 

Vol.  III.  L  It 
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It  appears  that  the  three  colours  which  are 
the  mod  eminently  primitive  in  the  arts  ;  thofe 
which  form  all  the  others  by  their  combination, 
and  consequently  the  only  colours  to  which  we 
need  pay  attention  ;  that  is  to  fay,  the  blue,  the 
yellow,  and  the  red — are  developed  in  the 
bodies  of  the  three  kingdoms  by  a  greater  or 
lefs  abforption  of  oxigene,  which  combines  with 
the  various  principles  of  thofe  bodies. 

In  the  mineral  kingdom,  the  firft  imprcffion 
of  tire,  or  the  firft  degree  of  calcination,  deve- 
lopes  a  blue  colour,  fometimes  interfperfed  with 
yellow,  as  is  obferveable  when  lead,  tin,  copper, 
iron,  or  other  metals,  are  expofcd  in  a  ftate  of 
_  fnfion  to  the  action  of  the  air,  to  haften  their 
cooling.  This  may  be  efpecially  obfcrved  in 
ft  eel  plates  which  are  coloured  blue  by  heat- 
ing. 

Metals  acquire  the  property  of  reflecting  the 
yellow  colour  by  combining  with  a  greater 
quantity  of  oxigene  ;  and  accordingly  we  per- 
ceive this  colour  in  moft  of  them,  in  proportion 
as  the  calcination  advances.  Mafficot,  li- 
tharge, ochre,  orpiment,  and  yellow  precipi- 
tate, arc  inftances  of  this. 

A  ftronger  combination  of  oxigene  appears 
to  produce  the  red  ;  whence  we  obtain  minium, 
colcothar,  red  precipitate,  &c. 

This 
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This  procefs  is  not  uniform  through  all  the 
bodies  of  the  mineral  kingdom  ;  for  it  is  natu- 
ral to  infer  that  the  effects  mud  be  modified  by 
the  nature  of  the  bafe  with  which  the  oxigene 
combines.  Thus  it  is  that  in  fome  of  them  we 
perceive  the  blue  colour  almoft  immediately 
followed  by  a  black ;  as  may  eafily  be  accounted 
for,  on  the  confideration  that  there  is  a  very 
flight  difference  between  the  property  of  re- 
flecting the  weakeft  rays  and  that  of  reflect 
ing  none  at  all. 

To  give  additional  force  to  the  obfervations 
here  made,  we  may  alfo  take  notice  that  the 
metals  themfelves  arc  moil  of  them  colourlefs, 
and  become  coloured  by  calcination  ;  that  is  to 
fay,  by  the  fixation  and  combination  of  oxi- 
gene. 

The  effects  of  the  combination  of  oxigene 
are  equally  evident  in  the  mineral  as  in  the  ve- 
getable kingdom  ;  and,  in  order  to  convince 
ourfelves  Of  this,  we  need  only  follow  the 
operations  in  the  method  of  preparing  and  de- 
veloping the  principal  blue  colours,  fuch  as 
indigo,  paftel,  turnfole,  &c. 

Indigo  is  extracted  from  a  plant  known  by 

the  name  of  Anillo  by  the  Spaniards,  and  the 

Indigo  Plant  by  us.  It  is  the  Ind'mgofera  tinflorij 

of  Limueus.     It  is  cultivated  at  Saint  Domingo, 

L  2  in 
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in  the  Antilles,  and  in  the  Eaft  Indies.  The 
boughs  are  cut  every  two  months,  and  the  root 
Iafls  two  years.  The  plant  is  laid  to  ferment  in 
a  trough  called  the  tleeping  trough,  which  is 
filled  with  water.  At  the  end  of  a  certain  time 
the  water  heats,  emits  bubbles,  and  becomes  of 
a  blue  colour.  It  is  then  pafled  into  another 
veflel  or  trough,  called  the  beating  trough  (bat- 
terie),  where  the  fluid  is  ftrongly  beaten  or  agi- 
tated by  a  mill  with  pallets,  to  condenfe  the  fub- 
flance  of  the  indigo.  As  foon  as  the  water  is 
become  infipid,  it  is  drawn  off;  and  the  depofi- 
tion  of  the  fecula  is  made  in  a  third  veflel,  called 
the  fettling  trough  (repofoir),  where  it  dries, 
and  is  taken  out  to  form  the  loaves  diftributed 
in  commerce. 

The  paftel  is  a  colour  which  is  extracted  in 
Upper  Languedoc,  by  fermenting  the  leaves  of 
the  plants  after  having  firft  bruifed  them.  The 
fermentation  is  promoted  by  moiftening  them 
with  the  moft  putrid  water  that  can  be  procured. 

The  woad  is  prepared  in  Normandy  in  the 
fame  manner  as  the  paftel. 

Turrtfole  is  prepared  at  Grand  Galargues  by 
foaking  rags  in  the  juice  of  the  croton  tindtorium, 
and  afterwards  expofing  them  to  the  vapour  of 
urine  or  dung. 

We  likewife  obferve  that  the  firft  degree  of 

com- 
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combination  of  oxigene   with  oil  (in  combuf- 
tion)  developes  the  blue  colour  for  the  inftant. 

The  blue  colour  is  formed  in  dead  vegeta- 
bles only  by  fermentation.  Now  in  thefe  cafes 
there  is  a  fixation  of  oxigene.  This  oxigene  com- 
bines with  the  fecula  in  indigo,  with  an  extractive 
principle  in  turnfole,  &c. ;  and  moll  colours 
are  likewife  fufceptible  of  being  converted  into 
red  by  a  greater  quantity  of  oxigene.  Thus  it 
is  that  turnfole  reddens  by  expofure  to  air,  or 
to  the  action  of  acids.?  becaufe  the  acid  is  de- 
compofed  upon  the  mucilage,  which  is  the  re- 
ceptacle of  the  colour ;  as  may  be  feen  in  fyrup 
of  violets,  upon  which  the  acids  are  decom- 
pofed  when  concentrated.  The  fame  thing 
does  not  happen  when  a  fecula  is  faturated  with 
oxigene,  and  does  not  admit  of  the  decompo- 
fition  of  the  acid.  Hence  it  is  that  indigo  does 
not  become  red  by  acids,  but  is  on  the  con- 
trary foluble  in  them.  It  is  likewife  for  the 
fame  reafon  that  we  obferve  a  red  colour  deve- 
loped in  vegetables  in  which  an  acid  continually 
acts,  as  in  the  leaves  of  the  oxalis,  of  the  virgin 
vine,  the  common  forrel,  and  the  ordinary 
vine.  Hence  alfo  it  happens  that  acids  brighten 
moft  of  the  red  colours ;  and  that  a  very  highly 
charged  metallic  oxide  is  ufed  as  the  mordant 
for  fcarlct. 

L  3  We 
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We  find  the  fame  colours  developed  in  the 
animal  kingdom  by  the  combination  of  the 
fame  principle.  When  flefh  meat  putrefies,  the 
firfl  impreflion  of  the  oxigenc  confifts  in  pro- 
ducing a  blue  colour ;  whence  the  blue  appear- 
ance of  mortifications,  of  flefh  becoming  putrid, 
of  game  too  long  kept,  or  the  appearance  which 
in  our  kitchens  in  France  is  called  cordon  bleu. 
This  blue  colour  is  fucceeded  by  red,  as  is  ob- 
ferved  in  the  preparation  of  checfes,  which 
become  covered  with  a  mouldinefs  at  firfl  of  a 
blue  colour,  but  afterwards  becoming  red :  I 
have  purfued  thefe  phenomena  in  the  prepara- 
tion of  cheefes  at  Roquefort.  The  combina- 
tion of  oxigene,  and  the  proportional  quantity 
which  enters  into  fuch  combination,  determine 
therefore  the  property  of  reflecting  any  parti- 
cular rays  of  light.  But  it  may  eafily  be  under- 
flood  that  the  colour  mufl  be  fubject  to  varia- 
tion, according  to  the  nature  of  the  principle 
with  which  it  combines ;  and  this  points  out  a 
feries  of  very  interefting  experiments  that  re- 
main to  be  made. 

All  the  phenomena  of  the  combination  of 
air  with  the  feveral  principles  in  different  pro- 
portions, may  be  obferved  in  the  flame  of 
bodies  actually  on  fire.  This  flame  is  blue 
when  the  combuftion  is  flow ;  red,  when 
9  ftronger 
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ftronger  and  more  complete ;  and  white,  when 
ftill  more  perfect.  For  thefe  final  degrees  of 
oxidation  in  general  produce  a  white  colour, 
becaufe  all  the  rays  are  then  equally  reflected. 

From  the  foregoing  fads  we  may  conclude 
that  the  blue  ray  is  the  weakeft,  and  is  confe- 
quently  reflected  by  the  firlt  combination  of 
oxigene.  We  may  add  the  following  fact  to 
thofe  we  have  already  exhibited.  The  colour 
of  the  atmofphere  is  blueifh  :  the  light  of  the 
ftars  is  blue,  as  M.  Mariotte  has  proved,  in  the 
year  1678,  by  receiving  the  light  of  the  moon 
upon  white  paper :  the  light  of  a  clear  day  re- 
flected into  the  (hade  by  fnow,  is  of  a  fine  blue, 
according  to  the  obfervations  of  Daniel  Major 
(Ephem.  des  Curiof.  de  la  Nature,  1 671,  pre- 
mier Dec). 

The  colouring  principle  is  found  in  vege- 
tables m  four  ftates  of  combination — 1.  With 
the  extractive  principle.  1.  With  the  refinous 
principle.  3.  With  a  fecula.  4.  With  a 
gummy  principle. — Thefe  four  flates  in  which 
we  find  the  colouring  principle,  indicate  to  us 
the  means  of  extracting  it. 

A.     When  the  receptacle  of  the  colour  is  of 

the  nature  ot  extracts,  water  is  capable  of  dif- 

folving   the   whole:  fuch  is  that  of  logwood, 

turnfole,    madder,   eochcnille,   &c.       Nothing 

L  4  more 
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more  is  neceflary  than  to  infufe  thefe  fubflances 
in  water,  for  the  purpofe  of  extracting  their 
colouring  principle.  If  any  fluff  be  plunged  in 
this  folution,  it  will  be  covered  with  a  body  of 
colour,  which  will  be  a  mere  flain,  that  may  be 
again  cleared  off  by  water.  To  obviate  this 
inconvenience,  it  has  therefore  been  found  ne- 
ceflary to  impregnate  the  fluffs  on  which  the 
colours  were  intended  to  be  applied  with  fome 
fait,  or  other  principle,  which  might  change  the 
nature  of  the  colouring  matter,  and  give  it  fix- 
ity, by  depriving  it  of  its  folubility  in  water. 
It  is  this  fubftance  which  is  diftinguiflied  by  the 
name  of  Mordant.  It  is  like  wife  neceflary 
that  the  mordant  mould  have  an  affinity  with 
the  principle  of  colour,  in  order  that  it 
may  become  its  receiver.  Hence  it  arifes  that 
moil  of  thefe  colours,  fuch  as  turnfole,  Bralil 
wood,  &c.  are  not  fixed  by  thefe  mordants ; 
hence  alio  it  arifes  that  cochenille  does  not 
form  a  fine  fearlet, -unlefs  it  has  tin  for  its  mor-r- 
dant.  It  is  neceflary,  moreover,  that  the  mor^ 
dant  have  a  due  relation  to  the. nature  of  the 
fluff;  for  the  fame  compofition  which  gives  a 
fine  fcarlet  colour  to  wool,  gives  a  colour  of 
wine  lees  to  filk,  and  does  not  even  change  the 
white  colour  of  cotton. 

There  are  certain  refinous  colouring  mat- 
ters 
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ters  foluble  in  ipirit  of  wine:  fuch  are  the 
pharmaceutical  tinctures :  they  are  ufed  only 
in  the  arts  for  dying  ribbons.  There  are  other 
colouring  matters  combined  with  feculae,  which 
water  does  not  diflblve :  rocou,  archil,  indigo, 
and  the  red  colour  of  oriental  faffron,  are  of 
this  kind. 

Rocou  is  a  refinous  fecula  obtained  by  ma- 
cerating the  feeds  of  an  American  tree  called 
Urucu  in  water.  In  this  operation  the  ex- 
tractive part  is  deftroyed  by  fermentation,  and 
the  refinous  fecula  is  collected  in  a  pafle  of 
a  deep  yellow  colour.  The  pafte  of  rocou, 
diffufed  in  water  with  the  impure  alkali 
called  cendres  gravelees,  affords  a  fine  orange 
colour. 

Archil  is  a  pafte  prepared  by  macerating 
certain  mofles  and  lichens  in  urine  with  lime. 
Alkalis  extract:  a  violet  colour.  Archil  is  made 
in  Corfica,  in  Auvergne,  at  Lyons,  &c. 

The  archil  of  the  Canaries  is  lefs  charged 
with  lime.  That  which  I  procured,  exhibited 
in  its  texture  the  fibres  of  the  plant,  not  com- 
pletely decompofed  by  the  fermentation.  The 
archil  of  the  Canaries,  or  the  archil  in  the  herb, 
is  afforded  by  a  lichen  called,  Orcella,  rocella, 
lichen  f rut  iculqfus,foUdi(S,  apbyllus,fubramofus>  tu- 
forcutis  alternis,  Limuc'u   The  parella  or  archil  of 

Auvergne 
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Auvergne  is    made    with    the  lichen   fareflus 
Linnaei. 

The  colouring  matters  of  this  clafs  are  all 
foluble  in  alkali  or  lime ;  and  thefe  are  the  fub- 
fiances  ufed  to  diflblve  them  in  water,  and  pre- 
cipitate them  upon  ftuffs.  Lime  is  the  true  fol- 
vent  of  indigo  ;  but  alkali  is  the  folvent  of  other 
fubflances  of  the  fame  clafs.  For  example  : 
when  it  is  required  to  make  ufe>  of  the  colouring 
matter  of  baftard  faffron,  the  flrft  proceeding 
confifts  in  wafhing  it  in  much  water,  to  clear  it 
of  the  extractive  and  yellowifh  principle,  which 
is  very  abundant ;  and  the  refinous  principle  is 
afterwards  diflblved  by  means  of  alkali,  from 
which  folvent  it  is  precipitated  upon  the  fluffs 
by  means  of  acids.  In  this  manner  it  is  that 
the  poppy-coloured  filk  is  made.  This  re- 
finous principle  may  alfo  be  combined  with 
talc,  after  it  has  been  extracted  by  an  alkali, 
and  precipitated  by  an  acid ;  in  which  cafe  the 
refult  is  vegetable  red.  To  make  this  pigment, 
the  yellow  colour  of  faffron  or  earth amus  is  firft 
extracted  by  means  of  wafhing.  Five  or  fix  per 
cent,  of  its  weight  of  foda  is  mixed  with  the  re- 
fid  ue ;  and  cold  water  poured  on,  which  takes 
up  a  yellow  matter ;  and  this,  by  the  addition  of 
lemon  juice,  depofits  a  red  fecula.  The  red 
fecula,  mixed  with  levigated  talc,  and  moiftened 

•    with 
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with  lemon  juice,  forms  a  pafte,  which  is  put 
into  pots  to  dry.  If  the  red  be  foluble  in  fpirit 
of  wine,  it  is  vegetable;  but  if  not  it  is  mineral, 
and  is  ufually  vermilion. 

Acids  may  be  ufed  inftead  of  alkalis  in 
fixing  fome  of  thefe  colours  upon  fluffs.  To 
make  a  permanent  blue,  inftead  of  diflblving 
indigo  by  means  of  lime,  it  is  fometimes  dii- 
folved  in  oil  of  vitriol.  This  folution  is  poured 
into  the  bath,  and  the  alumed  ftuff  is  palled 
through  it.  Flannels  are  dyed  blue  at  Mont- 
pellier  in  this  way.  This  operation  depends 
merely  on  an  extreme  divifion  of  the  indigo  by 
the  acid. 

D.  There  are  fome  colouring  principles  fixed 
by  a  refin ;  but  which,  by  the  affiftance  of  ex- 
tractive matter,  may  be  fufpended  by  water. 
The  ftuffs  are  boiled  in  this  folution ;  the  refi- 
nous  part  applies  itfelf  to  them,  and  adheres 
with  fufficient  folidity  not  to  be  again  carried 
off  by  water. 

No  preparation  is  required  to  dye  with  thefe 
ingredients,  nothing  more  being  neceflary  than 
to  boil  the  fluff  in  a  decoelion  of  the  colour. 
The  principal  fubftances  of  this  kind  are,  the 
hulk  of  walnuts,  the  roots  of  the  walnut  tree, 
fumach,  fantal,  the  bark  of  elder,  &c.  All 
thefe  fubftances,  which  require  no   mordant*, 

afford 
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afford  only  a  buff-coloured  tinge,  which  dyers 
call  Root  Colours.  The  colouring  matter  of 
certain  vegetables  may  likcwife  be  extracted  by 
oils.  In  this  way  oils  are  coloured  red  by  in- 
filling alkanet,  or  the  root  of  a  certain  fpecies 
of  buglofs,  in  them'. 

In  order  to  apply  colouring  matter  properly 
upon  any  Huff,  it  is  neceflary  to  prepare  the  fluff, 
and  difpofe  it  to  receive  the  colouring  principle. 
For  this  purpofe  it  muft  be  wafhed,  bleached, 
and  cleared  of  that  glutinous  matter  which  de- 
fends it  from  the  deftruclive  action  of  the  air 
while  it  grows  on  the  animal  which  affords  it ; 
and  impregnated  with  the  mordant  which  fixes 
the  colour,  and  gives  it  peculiar  properties. 

A.  The  firft  operation  required  to  difpofe 
a  fluff  to  receive  colour,  is  bleaching;  becaufe 
the  whiter  it  is,  the  more  natural  and  accurate 
will  be  the  colour  it  takes.  If  this  precaution 
be  not  taken,  the  fucccfs  will  be  uncertain. 
To  bleach  piece-goods,  the  operator  is  fatif- 
fied  with  boiling  them  in  an  alkaline  lixivium, 
and  cxpofing  them  afterwards  to  the  air,  to  ren- 
der the  whitencfs  more  perfect.  This  operation 
depends  on  the  action  of  the  oxigene,  which 
combines  with  the  colouring  principle,  and  de- 
ftroys  it ;  as  is  evidently  demonflrated  by  the  late 
fexperiments  of  M.  Berthollet  on  the  oxigenated 
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muriatic  acid,  which  bleaches  cloths  and  cot- 
tons with  fuch  facility,  that  it  is  already  ufed 
for  this  purpofe  in  feveral  manufactories. 

Cotton  is  bleached  in  lbme  manufactories  by 
a  very  ingenious  procefs.  A  boiler  is  firmly  fet 
in  mafonry,  and  a  cover  fitted  to  it  in  the 
ftrongeft  manner ;  this  boiler  has  an  elliptical 
figure.  Alkali  rendered  cauftic  by  lime  is  put 
into  the  bottom  of  this  vcflel ;  and  the  goods 
intended  to  be  bleached  are  put  into  a  bafket 
which  prevents  their  touching  the  fides  of  the 
boiler.  When  the  piece-goods  are  properly- 
placed,  the  covering  is  fixed  on,  which  is 
pierced  by  a  very  fmall  aperture,  to  permit  a 
portion  of  the  aqueous  vapour  to  efcape.  A 
degree  of  heat  much  fupcrior  to  that  of  boiling 
water  is  excited  in  the  folution  of  potafh :  and 
the  heat,  affifted  by  the  corrofive  action  of  the 
potafh  in  this  kind  of  Papin's  digefter,  deftroys 
the  colouring  principle  of  the  cottons,  and 
gives  them  the  utmoft  whitenefs. 

B.  That  kind  of  gluten  which  envelopes 
almofl  every  animal  fubflance,  but  more  efpe- 
cially  raw  filk,  is  infoluble  in  water  and  in  alco- 
hol. It  is  only  attacked  by  alkalis  and  foaps ; 
and  for  this  purpofe  the  operation  of  cleanfing 
is  ufed.  Any  fluff  may  be  cleared  of  its  gluti- 
nous part  by  boiling  or  even  digefting  it  in  a 
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folution  of  alkali :  but  it  has  been  obferved  thai 
a  pure  alkali  alters  the  goodnefs  and  quality  of 
the  fluff;  for  which  reafon  foaps  have  been  fub- 
flituted  in  its  flead.  For  this  purpofe  the  fluff" 
is  fleeped  in  a  folution  of  foap,  heated  to  a  left 
degree  than  boiling.  The  academy  of  Lyons, 
in  the  year  1761,  propofed  a  prize  for  the  means 
of  clearing  raw  filks  without  foap.  It  was  ad- 
judged to  M.  Rigaut,  of  St.  Quentin,  who  pro- 
pofed a  folution  of  fait  of  foda. 

It  has  been  lately  afcertained  that  water, 
heated  above  the  degree  of  ebullition,  is  capable 
of  diflblving  this  colouring  principle.  A  boiler 
fimilar  to  that  which  I  have  jufl  defcribed,  may 
be  ufed  for  this  purpofe. 

In  order  to  bleach  cotton,  and  difpofe  it  for 
the  dying  procefles,  it  is  cleanfed  by  means  of 
a  liquid  fbap  made  of  oil  and  foda. 

The  piece-goods  are  cleared  by  this  boiling 
from  the  varnifh,  which  would  prevent  the  colour 
from  applying  and  fixing  itfelf  in  a  permanent 
manner ;  at  the  fame  time  that  it  opens  the  pores 
of  the  fluff  for  the  better  reception  of  the  colour. 

When  the  piece  is  thus  prepared,  its  pores 
being  very  open,  and  its  colour  very  white, 
nothing  remains  to  be  done  previous  to  the  ap- 
plication of  the  dye,  but  to  impregnate  it  with 
the  mordant  or  principle  which  is  to  receive 
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the  colour;  and  change  its  nature  fo  much, 
that  neither  water,  foap,  nor  any  of  the  rea- 
gents ufed  as  proofs,  may  be  capable  of  extract- 
ing it.  It  is  necefTary  therefore — 1.  That  the 
mordant  itfelf  mould  be  very  white,  that  it  may 
not  alter  the  colour  prefcnted  to  it.  2.  That 
it  be  not  fubjecl:  to  corruption ;  and  for  this 
purpofe  it  muft  be  fought  among  the  earths  and 
metallic  oxides.  3.  That  it  be  in  a  ftate  of  ex- 
treme divifion,  in  order  that  it  may  fix  itfelf  in 
the  pores.  4.  That  it  be  infoluble  in  water  and 
the  other  reagents.  5.  That  its  affinity  with 
the  colouring  matter  and  the  fluff  be  very 
great. 

Alum,  and  the  muriate  of  tin,  are  the  two 
falts  whofe  bafes  unite  thefe  properties  in  the 
mod  efficacious  manner.  The  Huffs  having 
undergone  the  previous  operations,  are  there- 
fore fteeped  in  folutions  of  thefe  falts ;  and 
when  they  are  impregnated,  they  are  pafled 
through  the  colouring  bath  :  and  by  the  de- 
compofition,  or  change  of  principles  between 
the  mordant  and  the  principle  which  holds,  the 
colour  in  folution,  the  colour  is  precipitated  on 
the  bafe  of  the  mordant,  and  adheres  to  it. 

Certain  vegetable  fubflances  are  likewife  dif- 
pofed  to  take  fome  colours  by  animalizing 
them.    In  this  way  cows  dung  and  bullocks 

blood 
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blood  are  ufed  in  dyeing  cotton  :  for  it  is  a  d*s-» 
cided  fact  that  animal  fubftances  take*  colours 
better  than  vegetables* 


ARTICLE     XII. 

Concerning  the  Pollen,  or  Fecundating  Powder 
of  the  Stamina  of  Vegetables. 

Modern  difcoveries  and  obfervations  have 
pointed  out  the  fexual  parts  of  plants;  and  we 
find  nearly  the  fame  forms  in  the  organs,  the 
fame  means  in  the  functions,  and  the  fame  cha- 
racters in  the  prolific  humours,  as  in  animals. 

The  prolific  humour  in  the  male  part  is  ela- 
borated by  the  anthera  ;  and  as  the  organs  of 
the  plant  do  not  admit  of  an  actual  intromiflion 
of  the  male  into  the  female,  becaufe  vegetables 
are  not  capable  of  loco-motion,  nature  has  be- 
llowed on  the  fecundating  feed  the  character  of 
a  powder ;  which  the  agitation  of  the  air,  and 
other  caufes,  may  carry  away  and  precipitate 
upon  the  female.  There  is  a  degree  of  elaftici- 
ty  in  the  authera,  which  caufes  it  to  open,  and 
eject  the  globules.  It  has  even  been  obferved  that 
the  piftil  opened  at  the  fame  time,  to  receive 
the  pollen,  in  certain  vegetables.  The  refources 
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of  nature  to  affaire  the  fecundation  are  admira- 
ble. The  male  and  female  parts  almoft  always 
repofe  in  the  fame  flower ;  and  the  petals  are 
always  difpofed  in  the  moft  advantageous  man- 
ner to  favour  the  reproduction  of  the  fpecies. 
Sometimes  the  male  and  female  are  upon  the 
fame  individual,  but  placed  upon  different  flow- 
ers ;  at  other  times  both  are  attached  to  ifolated 
and  feparate  individuals,  and  then  the  fecunda- 
tion is  made  by  the  pollen  which  the  wind  or 
air  detaches  from  the  antherae,  and  tranfmits  to 
the  female. 

The  fecundating  powder  has  almoft  conftantly 
the  fmell  of  the  fpermatic  liquor  of  animals. 
The  fmell  of  cabbages  in  bloflbm,  of  the  ch eft- 
nut  tree,  and  moft  other  vegetables,  exhibits  this 
analogy  to  fuch  a  degree,  that  the  one  odour 
might  even  be  miftaken  for  the  other. 

The  pollen  is  generally  of  a  refinous  nature, 
foluble  in  alkalis,  and  in  alcohol.  Like  rclins,  it 
is  inflammable  ;  and  the  aura  which  is  formed 
around  certain  vegetables  at  the  time  of  fecun- 
dation, may  be  ftt  on  fire,  as  was  obferved  by 
Mademoifelle  Linne  in  the  fraxinella. 

Nature,  which  has  employed  lefs  oeconomical 
means  in  the  fecundation  of  plants,  and  who  en- 
trufts  thefe  operations  almoft  to  chance,  iince  fhe 
delivers  the  fecundating  powder  to  the  winds, 
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muft  of  courfe  have  been  prodigal  in  the  for-' 
mation  of  this  humour,  more  efpecially  for 
the  trees  of  the  monoecia  and  dioecia  genera, 
where  the  production  is  more  expofed  to  acci- 
dental impediments.  Plence  we  may  account 
for  thofc  pretended  fhowers  of  fulphur,  which 
are  never  common  but  in  fuch  diftricts  as  abound 
with  the  hazel,  filbert,  and  pine -trees. 

As  the  pollen  could  not  be  expofed  by  nature 
to  the  varying  temperatures  of  the  atmofphere, 
fhe  has  facilitated  its  development  in  the  moil 
rapid  manner.  A  warm  fun  very  frequently 
fuffices  to  open  the  concealed  organs  of  the  plant, 
to  develope  and  procure  its  fecundation.  On 
this  account  the  author  of  Les  Etudes  de  la  Nature 
affirms,  that  the  coloration  of  plants  is  defigncd 
to  reflect  the  light  more  vividly,  and  that  moft 
flowers  affect  the  moft  advantageous  form  to  con- 
centrate the  folar  rays  on  the  parts  of  generation. 

The  parts  employed  in  thefe  functions  are  en- 
dued with  an  aftonifhing  degree  of  irritability. 
M.  des  Fontaines  has  made  fome  very  interefting 
obfervations  on  this  fubject;  and  the  agitated 
motions  which  fome  plants  affect  in  order  to  fol- 
low the  courfe  of  the  fun,  are  determined  by  na- 
ture, in  order  that  the  great  work  of  generation, 
favoured  by  the  fun,  may  be  accomplifhed  in 
the  leaft  poffible  time. 

Con- 
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Concerning  Wax. 

The  wax  of  bees  is  merely  the  pollen  very 
little  altered.  Thefe  infects  have  their  femurs 
provided  with  rugofities  to  brufh  the  pollen 
from  the  antherae,  and  convey  it  to  their  nefis. 

There  appears  to  exift  in  the  very  texture 
of  fome  flowers,  which  are  rich  in  fecundating 
powder^  a  matter  analogous  to  wax,  which  may 
be  extracted  by  aqueous  decoction.  Such  are 
the  male  catkins  of  the  betula  alnus,  thofe  of 
the  pine,  &c.  the  leaves  of  rofemary,  of  offi- 
cinal fage,  the  fruits  of  the  mirica  cerifera, 
fufFer  wax  to  tranfude  through  the  pores. 

It  appears  that  wax  and  the  pollen  have  for 
their  balls  a  fat  oil,  which  paffes  to  the  ftate  of 
refin  by  its  combination  with  oxigene.  If  the 
nitric  or  muriatic  acid  be  digelled  upon  fixed 
oil  for  feveral  months,  it  pafles  to  a  ftate  re- 
fembling  wax-. 

Wax,  by  repeated  diflillations,  affords  an  oil 
which  poflefles  all  the  properties  of  volatile. oils. 
It  is  reduced  into  water  and  carbonic  acid  by 
combuftion. 

The  colouring  matter  of  wax  appears  to  be  of 

the  fame  nature  as  that  of  filk ;  it  is  infoluble 
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in  wafer  and  in  alcohol.  In  the  arts,  wax  is 
bleached  by  dividing  it  prodigioufly ;  for  which 
purpofe  it  is  poured  in  fufion  upon  the  furface 
of  a  cylinder,  which  revolves  at  the  furface  of 
water.  The  wax  which  falls,  applies  itfelf  to 
the  fuperneies,  and  is  reduced  into  very  thin 
flakes  or  ribbons.  It  is  afterwards  cxpofed  to 
the  air  upon  tables,  taking  care  to  fHr  it  from 
time  to  time,  and  by  this  means  it  becomes 
white. 

Alkalis  diffblve  wax,  and  render  it  ibluble  in 
water.  It  is  this  faponaceous  folution  which 
forms  the  Punic  wax.  It  may  be  ufed  as  the 
balls  of  feveral  colours ;  and  may  be  made  into 
an  excellent  paile  for  warning  the  hands.  It  is 
likewife  applied  with  a  brum  upon  feveral  bo- 
dies:  but  it  would  be  highly  advantageous  if  it 
could  be  deprived  of  its  fblvent,  which  con- 
ftantly  acts,  and  ia  the  caule  why  it  cannot  be 
applied  to  feveral  ufes,  in  which  othervvife  it 
might  be  found  advantageous. 

Ammoniac  likewife  dinolves  it ;  and  as  this 
folvent  is  evaporable,  it  ought  to  be  preferred 
when  it  is  propofed  to  ufe  the  wax  as  a  varnifh. 
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ARTICLE    XIIL 
Concerning  Honey. 

Honey,  or  the  nectar  of  flowers,  is  contained 
•chiefly  in  the  bafe  of  the  piftil,  or  female  organ. 
It  ferves  as  food  for  molt  infects  which  have  a 
probofcis.  Thefe  animals  plunge  their  probof- 
cis  into  the  piftil,  and  fuck  out  the  nectar.  It 
appears  to  be  a  folution  of  fugar  in  mucilage : 
the  fugar  is  fometimes  precipitated  in  cryflals, 
as  in  the  nectar  of  the  flower  of  balfamina. 

The  nectar  undergoes  no  alteration  in  the 
body  of  the  bee,  fince  we  can  form  honey  by  con- 
centrating the  nectar.  It  retains  the  odour,  and 
not  unfrequently  the  noxious  qualities  of  the 
plant  which  affords  it. 

The  fecretion  of  the  nectar  is  made  during  the 
feafon  of  fecundation.  It  may  be  confldered  as 
the  vehicle  and  recipient  of  the  fecundating  duft, 
which  facilitates  the  burfting  of  the  globules, 
filled  with  this  fecundating  powder:  for  Lin- 
naeus and  Tournefcrt  have  both  obferved  that 
nothing  more  is  required  than  to  expofe  the 
pollen  upon  water,  to  affitt  the  development. 
All  the  internal  part  of  the  flyie  of  the  piftil  is 
impregnated  with  it.  And  if  the  internal  part 
M3  of 
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of  the  female  organs  be  dried  by  heat,  the  pollera 
no  longer  fecundates. 

Honey  exfudes  from  all  the  female  parts,  but 
particularly  from  the  ovaria.  Pores  may  even 
be  obferved  in  hyacinths,  through  which  it  flows-. 

Such  flowers  as  have  only  the  male  parts  do 
not  in  general  afford  honey;  and  the  organs 
which  afford  the  nectar  dry  up  and  wither  from 
the  moment  the  act  of  conception  is  acconv 
plifhed.  Honey  may  therefore  be  confidered 
as  neceflary  to  fecundation :  it  is  the  humour 
afforded  by  the  female  to  receive  the  fecundat- 
ing powder,  and  facilitate  the  opening  and  ex- 
plofion  of  the  fmall  bodies  which  contain  the 
pollen  ;  for  it  has  been  obferved  that  thefe 
bodies  open  the  moment  they  touch  the  furface, 
of  any  liquid  which  moiftens  them. 

ARTICLE     XIV. 

Concerning  the  Ligneous  Part  of  Vegetables. 

Chemifts  haye  conltantly  directed  their  at- 
tention to  the  analyfis  of  vegetable  juices  :  but 
they  appear  to  have  completely  neglected  the 
folid  part  of  the  vegetable,  which  in  every  point 
of  view  is  entitled  to  particular  attention.     It  is 
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this  ligneous  portion  which  forms  the  vegetable 
fibre ;  and  this  matter  not  only  conftitutes  the 
bafis  of  the  vegetable,  but  is  likewife  developed 
in  circumftances  which  depend  on  the  vital  func- 
tions of  the  plant.  It  forms  the  pulp  of  feeds, 
the  lanuginous  covering  which  overfpreads  cer- 
tain plants,  &x.  The  character  of  the  ligneous 
part  is,  an  infolubility  in  water  and  almoft  every 
other  menflruum.  The  fulphuric  acid  only 
blackens  it,  and  is  decompofed  upon  it,  as  is 
Jikewife  the  nitric  acid.  But  one  very  peculiar 
character  of  this  principle  is,  that  the  concourfe 
of  air  and  water  alters  it  very  difficultly ;  and  that, 
when  it  is  well  deprived  of  all  its  moifture,  it 
abfolutely  refifts  every  .kind  of  fermentation  ; 
infomuch  that  it  would  be  indeftruclible,  if  in- 
fects had  not  the  property  of  gnawing  and  feed~ 
jng  upon  it.  It  appears  that  the  vegetable  fibre 
confifis  of  the  bafis  of  mucilage,  hardened  by 
its  combination  with  a  greater  quantity  of  oxi- 
gene.  Several  reafons  lead  us  to  adopt  this 
idea.  In  the  firft  place,  the  diluted  nitric  acid 
being  put  to  digeft  upon  fecula,  is  decompofed, 
and  caufes  the  fecula  to  pafs  to  a  ftate  refem- 
bling  that  of  ligneous  matter.  I  have  obferved, 
in  the  fecond  place,  that  thofe  fungi  which  grow 
in  fubterraneous  places  void  of  light  and  are 
refolved  into  a  very  acid  water,  if  left  in  a  vefTel, 
M  4  acquire 
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acquire  a  greater  quantity  of  the  ligneous  prin- 
ciple, in  proportion  as  they  are  expofed  by  de- 
grees to  the  light ;  at  the  fame  time  that  the  acid 
is  diminifhed  by  decomposition,  and  at  length 
difappears. 

The  transition  of  mucilage  to  the  ftate  of  lig- 
neous matter  is  very  evident  in  the  growth  of 
vegetables.  The  cellular  envelope  which  is 
immediately  covered  by  the  epidermis  exhibits 
nothing  but  mucilage  and  glands ;  but  by  degrees 
it  hardens,  forms  a  ftratum  of  the  cortical  coat- 
ing, and  at  lafl  concludes  by  becoming  one  of 
the  ligneous  rings. 

We  obferve  this  transition  in  certain  plants 
which  are  annual  in  cold  climates,  and  viva- 
cious in  temperate  climates.  In  the  former 
they  are  herbaceous,  becaufe  the  periodical  re- 
turn of  the  cold  weather  does  not  permit  them 
to  develope  themfelves.  In  the  fecond  they  be- 
come arborefcent ;  and  the  progrefs  of  time 
hardens  the  mucilage,  and  forms  ligneous  coat- 
ings. 

The  induration  of  the  fibrous  part  may  be  ac- 
celerated by  caufing  the  air  and  light  to  acl: 
more  ftrongly  upon  it.  M.  de  Buffon  has  ob- 
ferved  that,  when  a  tree  is  deprived  of  its  bark, 
the  external  part  of  the  wood  which  is  expofed 
to  the  air  acquires  a  confiderable  degree  of 

hardnefs ; 


Fixed  Principles  of  Vegetables.  169 

ftardnefs ;  and  trees  thus  prepared  form  pieces 
of  carpentry  much  more  folid  than  thofe  which 
have  not  undergone  fuch  preparation. 

It  is  probably  owing  to  the  large  quantity  of 
pure  air  with  which  the  fibrous  matter  is  loaded, 
that  it  is  not  difpofed  to  putrefy :  and  it  is  in 
confequence  of  this  moil  valuable  property  of 
not  being  fubjedl  to  corruption,  that  arts  have 
been  invented  for  clearing  it  of  all  fermentable 
principles  of  the  vegetable  kingdom,  to  obtain 
it  in  its  greater!  purity  in  the  fabrication  of 
cloths,  paper,  &c.  We  lhall  again  return  to 
thete  objects,  when  wre  treat  of  the  alterations 
to  which  the  vegetable  kingdom  is  fubjecl:. 


ARTICLE      XV. 

Concerning  other  fixed  Principles  of  the  Vege- 
table Kingdom. 

The  volatile  oil  of  horfe-radifh  had  formerly 
afforded  fulphur,  which  is  depofited  by  flanding, 
according  to  the  obfervation  of  fome  chemifts ; 
but  M.  Deyeux  has  taught  us  to  extract  this 
inflammable  principle  from  the  root  of  the  herb 
patience.  Nothing  is  required  to  be  done  but 
to  rafp  the  root,  boil  it,  take  off  the  fcum,  and 
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dry  it.  This  fcum  affords  much  fulphur  in  Tub* 
ttance;  and  it  is  perhaps  to  this  principle  that 
thefe  plants  owe  their  virtue,  fince  they  are  ufec| 
In  fkin  diforders. 

Vegetables  in  their  analyfis  likewife  prefent 
us  with  certain  metals,  fuch  as  iron,  gold,  and 
manganefc.  The  iron  forms  near  one-twelfth 
of  the  weight  of  the  afhes  of  hard  wood,  fuch  as 
oak.  It  may  be  extracted  by  the  magnet.  It 
does  not  appear  to  cxift  in  a  perfectly  difengaged 
fiate  in  the  vegetable ;  neverthelefs  we  read,  in 
the  Journaux  de  Phyfique,  an  obfervation  in 
which  it  is  affirmed,  that  it  was  found  in  metal- 
lic grains  in  fruits.  The  iron  is  ufually  held  in 
Solution  in  the  acids  of  vegetation,  from  which 
it  may  be  precipitated  by  alkalis.  The  existence 
of  this  metal  has  been  attributed  to  the  wearing 
of  ploughfhares,  and  other  inftruments  of  huf- 
Jbandry,  and  to  the  faculty  which  plants  poffef§ 
of  imbibing  it  with  their  nutritive  juices.  The 
Abbe  Nolet  and  others  have  embraced  this  un- 
philofophical  notion.  It  is  the  fame  with  the 
iron  as  with  the  other  falts.  They  arc  produced 
by  vegetation  ;  and  vegetables  Watered  with  dis- 
tilled water  afford  it  as  well  as  others. 

Bcccher  and  Kunckel  afcertaincd  the  pre- 
fence  of  gold  in  plants.  M.  Sage  was  invited 
to  repeat  the  procefles  by  way  of  afcertaining 

the 


found  in  Vegetables.  17* 

the  fact.  He  found  gold  in  the  afhes  of  vine 
twigs,  and  announced  it  to  the  public.  After 
this  chemift,  moil  perfons  who  have  attended  to 
this  object  have  found  gold ;  but  in  much  lefs 
quantity  than  M.  Sage  had  announced.  The 
moft  accurate  analyfes  have  fhewn  no  more 
than  two  grains ;  whereas  M.  Sage  had  fpoken 
of  feveral  ounces  in  the  quintal.  The  procefe 
for  extracting  gold  from  the  afhes  oonfifts  in 
fufing  them  with  black  flux  and  minium.  The 
lead  which  is  produced  is  then  cupelled,  to  as- 
certain the  fmall  quantity  of  gold  with  which  it 
became  alloyed  in  this  operation. 

Schcele  has  alio  obtained  manganefe  in  the 
analyfis  of  vegetable  afhes.  His  procefs  con- 
fines in  fufing  part  of  the  afhes  with  three  parts 
of  fixed  alkali,  and  one-eighth  of  nitrate  of 
pptafh.  The  fufed  matter  is  boiled  in  a  certain 
quantity  of  water.  The  folution  being  then 
filtered,  is  faturated  with  fulphuric  acid,  and  at. 
{he  end  of  a  certain  time  manganefe  falls  down. 

Lime  conftantly  enough  forms  feven-tenths 
of  the  fixed  relidue  of  vegetable  incineration. 
This  earth  is  ufually  combined  with  the  carbo- 
nic acid,  Seheele  has  proved  that  it  efflorefces 
in  this  form  on  the  bark  of  guaiacum,  the  afh, 
?cc.  It  is  likewife  very  often  united  with  the 
acid  of  vegetation.     It  appears  to  be  formed  by 

an 
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an  alteration  of  the  mucilage,  more  advanced 
than  that  which  forms  the  fecula,  which  has 
fome  analogy  with  this  earth.  We  evidently 
fee  the  tranfltion  of  mucilage  to  the  Hate  of 
earth  in  teitaceous  animals.  We  obferve  the 
mucilage  putrefy  at  its  furface,  with  fo  much 
the  more  facility  as  it  is  purer ;  as  we  may  judge 
by  a  comparifon  of  the  afteriae,  the  fea  hedge- 
hog, the  crab,  &c. 

Next  to  lime,  alumine  is  the  moft.  abundant 
earth  in  vegetables,  and  next  magnefia.  M. 
Darcet  has  obtained,  from  one  pound  of  the  afhes 
of  beech,  one  ounce  of  the  fulphate  of  magnefia, 
by  treating  them  with  the  fulphuric  acid.  This 
earth  is  very  abundant  in  the  afhes  of  tamarifc. 
Siliceous  earth  likewife  exifis,  but  lefs  abun^ 
dantly.     The  leafl  common  of  all  is  the  barytes, 


ARTICLE     XVI. 

Of  the  common  Juices  extracted  by  Incifion  or 
Expreffion. 

The  vegetable  juices  hitherto  treated  of  are 
peculiar  fubftances  contained  in  vegetables,  and 
pofleffing  ftr iking  'characters,  by  which  they  are 
diftinguifhable  from  every  other  humour.     But 

we 
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we  may  at  once  extract  from  vegetables  all  the 
juices  they  contain  ;  and  this  mixture  of  various 
principles  may  be  obtained  by  fevcral  methods. 
Simple  incifion  is  fometimes  fufhxient ;  but  ex- 
preflion  is  equally  ufed. 

The  juices  of  vegetables  vary  according  to  the 
refpective  nature  of  the  plants.  They  are  more 
abundant  in  fomethan  in  others.  Age  modifies 
them.  Young  trees  in  general  have  moll  fap  ; 
and  this  fap  is  milder,^more  mucilaginous,  and 
lefs  charged  with  oil  and  refin.  The  fap  varies 
according  to-  the  feafon.  In  the  fpring  the 
plants  draw  up  with  avidity  the  juices  afforded 
by  the  air  and  the  earth  ;  thefe  juices  eftablifh  a 
plethora  every  where,  from  which  fefults  a  con- 
fiderable  growth  of  the  individual,  and  fome- 
times a  natural  extra vafation.  If  in  the  time 
of  plethora  incifions  be  made  in  any  part  of  the 
vegetable,  all  the  abundant  fap  efcapes  by  the 
aperture ;  and  this  fluid  is  almoit  always  clear, 
and  without  fmell.  But  by  degrees  the  plant 
elaborates  thefe  juices,  and  gives  them  peculiar 
characters.  In  the  fpring  the  fap  in  the  body 
of  the  vegetable  prefents  only  a  flight  alteration 
of  the  nutritive  juices  ;  but  in  the.fummer  the 
whole  is  elaborated,  all  is  digefted,  and  then  the 
fap  poflefles  characters  very  different  from  thofe 
it  poffefled  during  the  fpring  feafon.  If  inci- 
fions 
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lions  be  now  made  in  the  tree,  the  juices  obtain- 
ed are  accordingly  very  different :  and  for  this 
reafon  it  is  that  the  juices  difperfed  in  commerce 
are  extracted  during  the  fummer. 

The  conftitution  of  the  air  equally  influences 
the  nature  of  vegetable  juices.  A  rainy  feafon 
oppofes  the  development  of  the  faccharine  prin* 
ciple,  as  well  as  the  formation  of  refins  and  aro- 
matic fubftances.  A  dry  feafon  affords  little 
mucilage,  but  much  refin  and  aromatic  prin- 
ciple; hot  weather  decompofes  the  mucilage, 
and  favours  the  development  of  refins,  faccha- 
rine matter,  and  aroma ;  but  a  cold  feafon  does 
not  permit  the  formation  of  any  principle  but 
mucilage :  and  as  the  mucilage  is  the  principle 
ofinereafe  of  bulk,  in  plants,  the  whole  of  this 
fubflance  is  employed  for  that  purpofe ;  while 
the  heat  and  light  modify  the  fame  mucilage, 
and  caufe  it  to  pafs  to  the  flate  ©f  oil,  refin, 
aroma,  &c.  Hence  probably  it  is  that  trees 
have  a  more  agreeable  appearance  in  cold  than 
in  burning  climates ;  and  that  the  trees  in  this 
latter  fituation  abound  with  aromatic,  oily,  and 
refinous  principles.  In  the  vegetable  as  in  the 
animal  kingdom,  fpirit  appears  to  be  the  por- 
tion of  the  fouthern  climates  ;  while  force  and 
ilrength  are  attributes  of  the  northern. 

Con- 
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Concerning  the  Juices  extracted  by  Incifion. 

The  juice  contained  in  plants,  and  known  by 
the  name  of  Sap,  is  diiperled  through  the  cellu- 
lar tifiiie,  inclofed  in  the  veflels,  or  depofited 
in  the  utricles:  and  there  is  a  communication 
exifting,  which,  when  any  part  of  the  vegetable 
is  wounded,  caufcs  the  abundant  juices  to  flow 
through  the  aperture;  not  indeed  fo  fpeedily, 
nor  fo  completely,  as  in  animals ;  becaufe  the 
humours  do  not  poflefs  fo  rapid  a  motion,  and 
becaufe  there  is  lefs  connection  between  the 
feveral  organs  in  vegetables  than  in  animals. 
The  fap  is  a  confufed  mixture  of  all  the  princi- 
ples of  vegetables.  The  oil  and  the  mucilage 
are  confounded  with  the  falts.  It  is,  in  a  word, 
the  general  humour  of  vegetables,  in  the  fame 
manner  as  the  blood  in  animals.  In  the  prefent 
place  we  fliall  fpeak  only  of  manna  and  opium. 

1.  Manna. — Several  vegetables  afford  manna; 
it  is  extracted  from  the  pine,  the  fir,  the  maple, 
the  oak,  the  juniper,  the  fig,  the  willow,  the 
olive,  &c.  but  the  afh,  larch,  and  the  alhagi, 
afford  it  in  the  largeft  quantities.  I/Obel, 
Rondelet,  and  others,  have  obferved  at  Mont- 
pellier,  upon  the  olive  trees,  a  kind  of  manna, 
to  which  they  have  given  the  name  of  oeliomeli. 

Tourne* 
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Tournefort  collected  it  from  the  fame  free3  at 

Aix,  and  at  Toulon. 

The  afh  which  affords  manna  grows  natu- 
rally in  all  temperate  climates ;  but  Calabria 
and  Sicily  appear  to  be  the  moft  natural  coun- 
tries to  this  tree ;  or  at  leaft  it  is  only  in  thefe 
countries  that  it  abundantly  furnifhes  the  juice 
called  Manna  in  commerce. 

The  manna  flows  naturally  from  this  tree, 
and  attaches  itfelf  to  its  fides  in  the  form  of 
white  tranfparent  drops ;  but  the  extraction  of 
this  juice  is  facilitated  by  incifions  made  in  the 
tree  during  fumrner :  the  manna  flows  through 
thefe  apertures  upon  the  trunk  of  the  tree,  from 
which  it  is  detached  with  wooden  inftruments. 
Care  is  likewife  taken  to  infert  ftraws,  or  fmall 
flicks  of  wood,  into  thefe  incifions ;  and  the  fta- 
lactites  which  hang  from  thefe  fmall  bodies  are 
feparated,  and  known  in  commerce  by  the  name 
of  Manna  in  Tears  :  the  fmalleft  pieces  form  the 
manna  in  forts  or  flakes ;  and  the  common  or 
fat  manna  is  of  the  worfl  quality,  becaufe  the 
moft  contaminated  with  earth  and  other  foreign 
fubflanccs.  The  afh  fometimes  affords  manna 
in  our  climates,  fpecimens  of  which  I  have  feen 
collected  in  the  vicinity  of  Aniane. 

The  larch,  whicn  grows  abundantly  in.Dau- 
phiny,*-and  the  environs  of  Brian^on,  likewife 
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affords  manna.  It  is  formed  during  the  fum- 
mer  on  the  fibres  of  the  leaves,  in  white  friable 
grains,  which  the  peafants  colic 61  and  put  into 
pots,  which  they  keep  in  a  cool  place.  This 
manna  is  of  a  yellow  colour,  and  has  a  very 
naufeous  fmell. 

The  alhagi  is  a  kind  of  broom,  which  grows 
in  Perfia.  A  juice  tranfudes  from  its  leaves,  in 
the  form  of  drops  of  various  fizes,  which  the 
heat  of  the  fun  indurates,  An  inteicfting  ac- 
count of  this  tree  may  be  feen  in  Tournefort's 
Travels.  This  manna  is  known  in  the  Levant, 
in  the  town  of  Tauris,  by  the  name  of  Tere- 
niabin. 

The  manna  mod  frequently  ufed  is  that  of 
Calabria.  Its  fmell  is  ftrong,  and  its  tafte  fweetifh 
and  naufeous  :  if  expofed  on  hot  coals,  it  fwells 
up,  takes  fire,  and  leaves  a  light  bulky  coal. 

Water  totally  diflblves  it,  whether  hot  or  cold. 
If  it  be  boiled  with  lime,  clarified  with  white  of 
tgg,  and  concentrated  by  evaporation,  it  affords 
cryflals  of  fugar. 

Manna  affords  by  diftillation  water,  acid,  oil, 
and  ammoniac ;  and  its  coal  affords  alkali. 

This  fubftance  forms  the  bafis  of  moil  pur- 
gative medicines. 

2.  Opium. — The  plant  which  affords  opium 
is  the  poppy,  which  is  cultivated  in  Perfia  and 
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Afia  Minor.     To  extract  this  precious  medi- 
cine, care  is  taken  to  cut  off  all  the  flowers 
which  would  load  the  plant,  and  to  leave  that 
only  which  correfponds  with  the  principal  item. 
At  the  beginning  of  fummer,  when  the  poppy- 
heads  are  ripe,  incifions  are  made  quite  round 
them,  from  which  tears  flow  that  are  carefully 
collected.     This  opium  is  the  pureft,  and  is  re- 
tained in  the  country  for  various  ufes.     That 
which  comes  *o  us  is  extracted  by  prefTure  from 
the  fame   heads.     The  juice  thus  obtained  is 
wrapped  up,  after  previous  drying,  in  the  leaves 
of  the  poppy,  and  comes  to  us  in  the  form  of 
circular  flattened  cakes. 

In  our  laboratories  it  is  cleared  from  its  impu- 
rities by  folution  in  hot  water,  filtration,  and 
evaporation  to  the  confiflence  of  an  extract. 
This  is  the  extract  of  opium. 

Opium  contains  a  ftrong  and  narcotic  aroma, 
from  which  it  is  impoffible  to  clear  it,  according 
to  Mr.  Lorry.  It  likewife  contains  an  extract 
foluble  in  water,  and  a  refin ;  together  with  a 
volatile  concrete  oil,  and  a  peculiar  fait. 

By  long  digeflion  in  hot  water  the  volatile 
oil  becomes  attenuated,  is  difengaged,  and  car- 
ries the  aroma  with  it ;  fo  that  by  this  means 
the  oil  and  aroma  may  be  feparated,  at  leaf!  for 
the  moft  part.  It  has  been  obferved  that  opiuip 
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deprived  of  this  oil,  a  portion  of  its  aroma,  and 
its  refin,  preferved  its  fedative  virtue,  without 
being  narcotic  and  ftupifying.  We  arc  indebt- 
ed to  Baume  for  a  feries  of  interefting  refearches 
on  this  fubjecl.  He  boiled  four  pounds  of 
fliced  opium  in  between  twelve  and  fifteen 
pints  of  water,  for  half  an  hour.  The  decoc- 
tion was  ftraincd  with  prefTure ;  the  dregs  wrere 
exhaufted  by  ebullition  with  more  water.  All 
thefe  waters  were  mixed  together,  and  reduced 
by  evapov  to    fix  pints.      The  liquor  was 

then  put  into  a  cucurbit  of  tin,  and  digefted  on 
a  fand-bath  for  fix  months,  or  during  three 
months  night  and  day.  Care  was  taken  to  add 
water  as  the  evaporation  proceeded ;  and  the 
bottom  of  the  vefiel  was  fcraped  from  time  to 
time,  to  difengage  the  refinous  matter  which 
fubfided.  When  the  digeftion  was  fmifhed, 
the  liquor  was  filtered,  the  refidue  carefully  fe- 
parated,  and  the  water  evaporated  to  the  conr 
fiftence  of  an  extract. 

If  the  fait  be  required  to  be  feparated,  the 
evaporation  muft  be  fufpended  when  the  fluid 
is  reduced  to  one  pint.  An  earthy  fait  falls 
down  by  cooling,  which  is  of  a  ruddy  appear* 
ance,  and  has  the  form  of  fcales  mixed  with 
needled  cryitals. 
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By  this  long  but  judicious  procefs,  the  oil  is 
firft  feparated  ;  which  after  three  or  four  days 
rifes  to  the  furface  of  the  liquor,  where  it  forms 
an  adhefive  pellicle,  like  turpentine.  This  pel- 
licle is  gradually  diffipated,  and  difappears  at 
the  end  of  a  month,  nothing  more  being  ften 
than  a  few  drops  from  time  to  time.  In  propor-» 
tion  as  the  oil  is  diffipated,  the  refin,  which 
formed  a  foap  with  it,  is  precipitated. 

Mr.  Baume  has  calculated  that  thefe  princi- 
ples exift  in  the  following  proportions  : — Four 
pounds  of  common  opium  afford  one  pound 
one  ounce  of  marc  or  infoluble  matter,*  one 
pound  fifteen  ounces  of  extract:,  twelve  ounces 
of  refin,  one  gros  or  dram  of  fait,  three  ounces 
feven  gros  of  denfe  oil  or  aroma. 

Mr.  Bucquet  propofed  to  extracl  the  fedative 
principle,  by  difiblving  it  ki  the  cold,  and  af- 
terwards evaporating  it ;  Mr.  Joffe,  by  agitating 
it  in  cold  water ;  Meffrs.  De  Laffone  and  Cor- 
nette,  by  difiblving,  filtering  it  feveral  times, 
and  always  evaporating  it  to  the  confidence  of 
an  extracl:. 

The  fedative  principle  is  a  medicine  of  the 
greater!:  value,  becaufe  it  does  not  produce  that 
drunkennefs  and  flupor  which  are  too  commonly 
the  effects  of  crude  opium. 

When 
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When  a  plant  does  not  afford  its  juice  by  in- 
cifion,  this  may  happpen  either  becaufe  the  quan- 
tity i^  too  fmall,  or  becaufe  its  confidence  is  not 
fufficiently  fluid,  or  becaufe  there  is  not  a  fuffi- 
ciently  perfect  communication  between  the  vef- 
fels  of  the  plant  to  permit  the  flowing  of  all  the 
juice.  In  thefe  cafes  the  defired  effect  may 
be  produced  either  by  fimple  mechanical  pref- 
fure,  as  in  extracting  the  juice  of  hypociftus 
and  acacia ;  or  by  the  afiiftance  of  water,  which 
foftens  the  texture  of  the  vegetable,  at  the  fame 
time  that  it  diflblves  and  carries  off  the  juice. 

Concerning    Vegetable    Juices    extracted    by 
Prefliire. 

The  fucculent  vegetables  afford  their  juice 
by  fimple  preffure ;  and  the  method  of  perform- 
ing this  operation  is  nearly  the  fame  in  all  plants. 
When  it  is  intended  to  extract  the  juice  of  a 
plant,  it  is  wafhed,  cut  into  fmall  pieces,  pound- 
ed in  a  marble  mortar,  put  into  a  linen  bag,  and 
prefled  in  a  prefs. 

There  are  fome  ligneous  plants,  fuch  as  fage, 
thyme,  and  the  lefler  centaur}',  whofe  juices 
cannot  be  extracted  without  the  addition  of  a 
fmall  quantity  of  water;  there  are  other  very 
fucculent  plants,  fuch  as  borage,  buglofs,  and 
N  3  chicory 
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chicory,  whofe  juices  are  fo  vifcid  and  mucila- 
ginous, as  not  to  pafs  through  a  cloth  unlefs  a 
fmall  quantity  of  water  be  added  during  the 
pounding.  Inodorous  plants  may  likewife  be 
left  to  macerate,  in  order  to  prepare  them  for 
the  extraction  of  their  juices.  The  vegetable, 
juices  may  be  clarified  by  fimple  repofe,  or  by 
filtration  ;  when  very  fluid,  by  white  of  tgg,  or 
animal  lymph,  boiled  with  them ;  and  when  the 
juices  contain  principles  which  may  be  evapo- 
rated, fuch  as  thofe  of  fage,  balm,  marjoram, 
&c.  the  vial  which  contains  the  juice  is  plunged 
in  boiling  water,  after  having  clofed  it  with  a 
paper  with  a  hole  pierced  through  it ;  and  when 
the  juice  is  clarified^  it  is  taken  out,  dipped  in 
cold  water,  and  decanted. 

The  juice  of  acacia  is  extracted  from  the  fame 
tree  which  affords  gum  arabic.  The  fruits  of 
this  tree  are  collected  before  they  are  ripe ;  then 
pounded,  prcfTed,  and  the  juice  dried  in  the  fun  : 
it  forms  balls  of  a  blackifh  brown  internally, 
redder  externally,  and  of  an  aftringent  tafte, 

A  juice  is  prepared  with  unripe  floes,  which 
is  fold  under  the  name  of  German  Acacia,  and 
does  not  differ  much  from  that  of  Egypt. 

The  juice  of  hypociftus  is  extracted  from 
a  paralitica!  plant  which  grows  on  the  ciftu3 
in  the  ifland  of  Crete.     The  fruit  is  pounded, 

the 
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the  juice  extracted  by  preflure,  and  thickened 
in  the  fun ;  it  becomes  black,  and  of  a  firm  con- 
fiftence. 

Thefe  two  laft-mentioned  juices  are  ufed  in 
medicine  as  aftringents. 
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SECTION    IV. 

Concerning  fuch  Principles  as  efcape  froffi 
Vegetables  by  Tranfpiration. 

VEGETABLES,  being  endued  with  digef- 
tive  organs,  throw  off  all  fuch  principles 
as  cannot  be  affimilated  by  them ;  and  when 
the  functions  of  the  vegetable  are  not  favoured 
by  fuch  caufes  as  facilitate  them,  the  nutritive 
juices  are  rejected  nearly  unaltered.  We  fhall 
here  attend  to  three  principal  fubftances  that 
exhale  from  vegetables,  viz.  air,  water,  and 
aroma. 


ARTICLE    I. 

Concerning  Oxigenous  Gas  afforded  by  Vege- 
tables. 

Dr.  Ingenhoufz  publiflied,  in  the  year  1 779, 
Experiments  upon  Vegetables,  in  which  he  af- 
firms that  plants  poffefs  the  property  of  emitting 
vital  air  when  acted  upon  by  the  direct  rays  of 

the 
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the  fun ;  and  th  emit  a  very  mephitic  air 

in  the  (bade,  and  during  the  night. 

Doctor  Prieftley  made  known  the  fame  re- 
fults  at  the  fame  time,  as  well  as  Mr.  Senebier 
of  Gc  thelefs  did  not  publifft 

a  work  on  this  fubjeet  until  the  year  1782,  in 
h  he  admits,  as  a  general  principle,  that 
plants  fuffer  vital  air  to  efeape  in  thefun-fliine  : 
but  he  maintains  that  they  do  not  produce  me- 
phitic air  in  the  fhade  ;  and  is  of  opinion  that, 
if  Dr.  Ingenhouiz  oh  lained  any,  it  arofe  from 
a  commencement  of  putrefaction  in  the  plant. 

The  fimpleft  procefs  for  extracting  this  gas 
from  vegetables,  confifts  in  immerfing  them  un- 
der water,  beneath  an  inverted  glafs  veffel.  It 
is  then  feen,  when  the  fun  acts  on  the  plant, 
that  fmall  bubbles  are  emitted,  which  gradu- 
ally grow  larger,  arife  from  the  fibres  of  the 
leaf,  and  afcend  to  the  furface  of  the  fluid. 

All  plants  do  not  afford  gas  with  the  fame 
facility.  There  are  fome  which  emit  it  the  mo- 
ment the  fun  acts  upon  them ;  fuch  are  the 
leaves  of  the  jacobaea,  of  lavender,  and  of  fome 
aromatic  plants.  In  other  plants  the  emiffion  is 
flower ;  but  in  none  later  than  {tszn  or  eight 
minutes,  provided  the  fun's  light  be  ftrong. 
The  air  is  almoft  totally  furnifhed  by  the  in- 
ferior furface  of  the  leaves  of  trees :  it  is  not 

the 
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the  fame  with  herbs ;  for  thefe  afford  air  front 
nearly  the  whole  of  their  furface,  according  to 
Senebier. 

The  leaves  afford  more  air  when  attached  to 
the  plant  than  when  gathered  ;  and  the  quantity 
is  likewife  greater  the  frefher  and  founder  they 
are. 

Young  leaves  afford  but  a  fmall  quantity  of 
vital  air ;  thofe  which  are  full  grown  afford 
more,  and  the  more  the  greener  they  are. 
Leaves  which  are  injured,  yellow,  or  red,  do  not 
afford  it. 

Freih  leaves  cut  in  pieces  afford  air ;  and  the 
oxigene  gas  is  capable  of  being  emitted  with- 
out the  plant  being  plunged  under  water,  as  is 
proved  from  the  experiments  of  Mr.  Senebier. 

The  parenchyma  of  the  leaf  appears  to  be  the 
part  which  emits  the  air.  The  epidermis,  the 
bark,  and  the  white  petals,  do  not  afford  air ; 
and  in  general  it  is  only  the  green  parts  of 
plants  which  afford  oxigenous  gas.  Green 
fruits  afford  air,  but  thofe  which  are  ripe  do 
not ;  and  the  fame  is  true  of  grain. 

It  is  proved  that  the  fun  does  not  act  in  the 
production  of  this  phenomenon  as  a  body  which 
heats*  The  emiffion  of  this  gas  is  determined 
by  the  light ;  and  I  have  even  obferved  that  a 
ftrong  light3  without  the  direct  action  of  the 
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fun's  rays,  is  fufncient  to  produce  this  pheno- 
menon. 

It  is  proved,  by  the  experiments  of  Mr.  Se- 
nebier,  that  an  acid  diluted  in  water  increafes 
the  quantity  of  air  which  is  difengaged,  when 
the  water  is  not  too  much  acidulated  ;  and  in 
this  cafe  the  acid  is  decompofed. 

It  has  been  obferved  that  the  conferva  affords 
much  vital  air;  as  well  as  the  green  matter  which 
is  formed  in  water,  and  is  iuppofed  by  Ingen- 
houfz  to  be  a  collection  of  greenifh  infects. 

Pure  air  is  therefore  feparated  from  the  plant 
by  the  action  of  light ;  and  the  excretion  is 
ftronger  accordingly  as  the  light  is  more  vivid. 
It  feems  that  light  favours  the  work  of  digeition 
in  the  plant  ;  and  that  the  vital  air,  which  is 
one  of  the  principles  of  almoft  all  the  nutritive 
juices,  more  efpecially  of  water,  is  emitted,  when 
it  finds  no  fubltance  to  combine  with  in  the  ve- 
getable. Hence  it  arifes  that  plants  whole  ve- 
getation is  the  molt  vigorous,  afford  the  greateft 
quantity  of  air :  and  hence  likewife  it  is  that 
a  fmall  quantity  of  theacid  mixed  with  the  water 
favours  the  emiffion,  and  increafes  the  quan- 
tity of  oxigenous  gas. 

By   this  continual  emiffion  of  vital  air,  the 

Author  of  nature   inceffantly   repairs  the  lofs 

which   is  produced  by  refpiration,  combuftion, 

4  and 
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and  the  alteration  of  bodies,  which  comprehends 
every  kind  of  fermentation  and  putrefaction ; 
and  in  this  manner  the  equilibrium  between 
the  conftituent  principles  of  the  &mofphere  is 
always  kept  up. 

ARTICLE     II. 

Concerning  the  Water  afforded  by  Vegetables. 

Plants  likewife  emit  a  confiderable  quantity 
of  water  in  the  form  of  vapour,  through  their 
pores ;  and  this  excretion  may  be  eflimated  as 
the  moft  abundant.  Hales  has  calculated  that 
the  tranfpiration  of  an  adult  plant,  fuch  as  the 
helianthus  annuus,  was  in  fummer  feven  times 
more  confiderable  than  that  of  man. 

Guettard  has  obferved  that  this  excretion  is 
always  in  proportion  to  the  intenfity  of  the  light, 
and  not  of  the  heat ;  fo  that  it  is  fcarcely  any 
during  the  night.  The  fame  philofopher  has 
obferved  that  the  aqueous  tranfpiration  is  more 
efpecially  made  from  the  upper  furface  of  the 
leaf.  The  water  which  exhales  from  vegetables 
is  not  pure,  but  ferves  as  the  vehicle  of  the 
aroma ;  and  even  carries  with  it  a  fmall  quantity 
of  extractive  matter,  which  caufes  it  to  corrupt 
fo  fpeedi.lv. 

The 
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The  immediate  effect  of  the  aqueous  evapo- 
ration confifts  in  maintaining  a  degree  of  cool- 
nefs  in  the  plant,  which  prevents  its  afluming 
the  temperature  of  the  atmofphere. 


ARTICLE    III. 

Concerning  the  Aroma,  or  Spiritus  Rector. 

Each  plant  has  its  characleriftic  fmell.  This 
odorant  principle  was  diftinguifhed  by  Boer- 
haave  by  the  name  of  Spiritus  Rector,  and  by 
the  moderns  under  the  name  of  Aroma. 

The  aroma  appears  to  be  of  the  nature  of  gas, 
from  its  finenefs,  its  invifibility,  &c.  The  flight- 
eft  heat  is  fuflicient  to  expel  it  from  plants.  Cool- 
nefs  condenfes  it,  and  renders  it  more  fenfible ; 
and  on  this  account  the  fmell  of  plants  is  much 
ftronger  in  the  morning  and  evening. 

This  principle  is  fo  fubtile,  that  the  continual 
emiflion  of  it  from  a  wood  or  flower  does  not 
diminifh  its  weight,  even  after  a  very  confider- 
able  time. 

The  aroma  is  fometimes  fixed  in  an  extract, 

[  fometimes  in  an  oil,  and  this  laft  combination 

is  the  moft  ufual.     It  even  appears  to  conftitute 

the 
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the  volatile  character  of  the  effential  or  volatile* 
oils. 

The  nature  of  the  aroma  appears  to  vaiy 
prodigioufly  ;  at  leaft  if  we  may  judge  by  the 
organ  of  fmell,  which  diftinguifhes  feyeral 
fpecies.  There  are  fome  which  have  a  nau- 
feous  or  poifonous  erTedl  on  the  animal  ceco-r 
nomy.  Ingenhoufz  quotes  an  inftance  of  the 
death  of  a  young  woman  occafioned  by  the 
fmell  of  lilies,  in  1719  ;  and  the  famous  Tril- 
ler  reports  the  example  of  a  young  woman 
who  died  in  confequence  of  the  fmell  of  violets, 
while  another  was  faved  by  removing  the  flow- 
ers. Martinus  Cromerus  exhibits  likewife  an 
example  of  a  bifhop  of  Breflau  who  died  by  a 
fimilar  caufe. 

The  mancenille  tree,  which  grows  in  the 
Weft  Indies,  emits  very  dangerous  vapours.  The 
humour  which  flows  from  this  tree  is  fo  un- 
wholefome,  that  if  it  drop  on  the  hand  it  raifes 
a  blifter. 

The  American  plant  lobelia  longiflora  pro- 
duces a  fuffocating  oppreffion  in  the  breaft  of 
thofe  who  refpire  in  its  vicinity,  according  to 
Jacquin,  Hortus  Vindobonenfis.  The  rhus  toxi- 
codendron emits  fo  dangerous  an  exhalation, 
that  Ingenhoufz  attributes  the  return  of  a  perio- 
dical 


Exhalatlo?is  of  Plants.  191 

dical  diforder,  which  attacked  the  family  of  the 
curate  of  Croflen  in  Germany,  to  a  bench  (had- 
ed by  this  tree,  under  which  they  had  the  cuf? 
torn  of  fitting.  Every  one  knows  the  effects  of 
mufk  and  oriental  faftron  on  certain  perfons; 
and  the  exhalation  of  the  walnut-tree  is  confi- 
dered  as  very  unwholefome. 

We  may  here  mention  the  noxious  property 
of  thofe  canes  or  reeds  which  in  this  country 
are  ufed  to  cover  roofs  and  dunghills,  &c. 
Mr.  Poitevin  faw  a  man  who  was  very  ill  on 
account  of  having  handled  thefe  canes :  the 
parts  of  generation  were  prodigioufly  fwclled. 
A  dog  which  had  ilept  upon  the  reeds  fuffered 
in  the  fame  manner,  and  was  affected  in  the 
fame  parts. 

The  method  of  extracting  the  aroma  varies 
according  to  its  volatility  and  affinities.  It  is  in 
general  foluble  in  water,  alcohol,  oils,  &c.  and 
thefe  fluids  are  feverally  employed  to  extract  it 
from  plants  which  afford  it. 

When  water  or  alcohol  are  ufed,  they  arc 
diftilled  by  a  gentle  heat,  and  the  aroma  comes 
over  with  them.  Simple  infufion  may  be  ufed  ; 
and  in  this  way  the  lofs  of  a  portion  of  the  aro- 
ma is  avoided. 

Water  charged  with  aroma  is  known  by  the 
name  of  the  diftilled  water  of  the  fubflance  made 

ufe 
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ufe  of.  The  diiiilled  water  of  inodorous  or  herba- 
ceous plants  does  not  appear  to  poficfs  any  vir- 
tue ;  and  the  apothecaries  have  long  frnce  de- 
cided the  quefiion,  by  fubftituting  fpring  water 
in  its  place.  Spirit  of  wine  combined  with  the 
fame  principle,  is  known  by  the  name  of  the 
ipirit  or  quinteflence  of  the  vegetable. 

When  the  aroma  is  very  fugacious,  fuch  as 
that  of  lilies,  jafmine,  or  tuberofe,  the  flowers 
are  put  into  a  tin  cucurbit  with  cotton  fteeped  in 
oil  of  ben.  The  cotton  and  the  flowers  are 
difpofed  in  alternate  layers ;  the  cucurbit  is 
clofed,  and  a  gentle  heat  applied.  In  this 
manner  the  aroma  is  permanently  combined 
with  the  oil. 

Thefe  are  the  three  methods  ufed  to  retain  the 
odorant  principle.  The  art  of  the  perfumer 
confifts  in  applying  them  at  pleafure  to  various 
fubflances. 

Perfumes  are  cither  dry  or  liquid.  Among 
the  firfl  we  may  place  the  fachets,  or  little  per- 
fumed bags,  which  contain  either  mixtures  of 
aromatic  plants,  or  aromas  in  their  native  tlate ; 
the  perfumed  powders,  which  obtain  their  fmell 
by  a  few  drops  of  the  folution  of  aroma  ;  the 
paflilles  or  comfits  which  have  fugar  for  their 
bafis,  &c. 

Liquid  perfumes  moll  commonly  con  fin1  of 

aroma 
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aroma  diflblved  in  water  or   alcohol ;  the  va 
rious  liqueurs,  or  fcented  fpirituous  cordial  wa- 
ters, are  nothing  elfe  but  the  fame  folutions  di- 
luted with  water,  and  fweetened  with  fugar. 

For  example,  to  make  the  eau  divine,  the 
bark  of  four  citrons  is  taken,  and  put  into  a  glafs 
alembic,  with  two  pounds  of  good  fpirit  of  wine, 
and  two  ounces  of  orange~flower  water  ;  after 
which,  diftillation  is  performed  on  the  fand-bath. 
On  the  other  hand,  one  pound  and  a  half  of 
fugar  is  diflblved  in  one  pound  and  a  half  of 
water.  The  two  liquors  being  mixed,  become 
turbid  ;  but,  being  left  to  Hand,  the  refult  is  an 
agreeable  liquor. 

To  make  the  cream  of  rofes,  I  take  equal 
>parts  of  rofe  water,  fpirit  of  wine  a  la  rofe,  and 
lyrup  of  fugar.  I  mix  thefe  three  fubftances, 
and  colour  the  mixture  with  the  infufion  of  co- 
chineal. 

But  it  mud  be  allowed  that,  in  all  perfumes 
which  are  a  little  complicated,  the  nofe  is  the 
beft  chemift  that  can  be  confulted  ;  and  a  good 
nofe  is  as  requifite  and  eflential  to  a  perfumer,  as 
a  ftrong  head  is  to  a  geometer. 
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SECTION      V. 

Concerning  the  Alterations  to  which  Ve- 
getables are  fubjedt  after  they  are  de- 
prived of  Life. 

THE  fame  principles  which  maintain  life 
in  vegetables  and  animals,  become  the 
fpeedieil  agents  of  their  dertru&ion  when  dead. 
Nature  feems  to  have  entrufled.the  compofition, 
maintenance,  and  decompofition  of  thefe  beings 
to  the  fame  agents.  Air  and  water  are  the  two 
principles  which  maintain  the  life  in  living  be- 
ings ;  but  the  moment  they  are  dead  they 
haften  their  alteration  and  difiblution.  The 
heat  itfelf,  which  affifted  and  fomented  the  func- 
tions of  life,  concurs  to  facilitate  the  decompo- 
sition. Thus  it  is  that  the  frofts  of  Siberia  pre-, 
ferve  bodies  for  feveral  months  ;  and  that  in  our 
mountains  they  are  kept  for  a  long  time  on  the 
fnow,  when  it  intercepts  the  carrying  them  to 
the  place  of  interment. 

We  fhall  examine  the  action  of  thefe  three 
agents,   namely  heat,   air,   and  water ;  and  wc 
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fhall  endeavour  to  fhew  the  power  and  effect  of 
each  before  we  fhall  attend  to  their  combined 
action. 


CHAP.       I. 

Concerning  the  Action  of  Heat  upon  Vegetable  Snb- 
Jiances. 

THE  distillation  of  plants  by  a  naked  fire  is 
nothing  but  the  act  of  decompofing  them 
by  means  of  iimple  heat.  This  procefs  was  for 
a  long  time  the  only  method  of  analyfis.  The 
firft  chemifts  of  Paris  adopted  it  for  the  analyfis 
of  near  one  thoufand  four  hundred  plants  :  and 
it  was  not  till  the  commencement  of  the  prefent 
century  that  our  was  difcontinued  ;  a  la- 

bour which  did  not  feem  to  advance  the  fcience, 
fincc  in  this  way  the  cabbage  and  hemlock 
afforded  the  fame  prodi: 

It  is  clear  that  an  analyfis  by  the  retort  ought 

not  to  fhew  the  principles  of  vegetation  :  for, 

not  to  mention  that  heat  changes  their  nature, 

by  becoming  a  conftituent  part  of  the  principles 

O  2  extracted; 
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extracted ;  thcfe  principles  themfelves  become 
mixed  together,  and  we  can  never  know  their 
order  or  ftate  while  in  the  living  plant.  The 
action  of  the  heat  moreover  caufes  the  vegetable 
principles  to  react  upon  each  other,  and  con- 
founds the  whole  together.  Whence  it  arifes  that 
all  vegetables  afford  nearly  the  fame  principles  ; 
namely,  water,  an  oil  more  or  lefs  thick,  an 
acid  liquor,  a  concrete  fait,  and  a  coal  or  caput 
mortuum  more  or  lefs  abundant. 

Hales  took  notice  that  the  diftillation  of  ve- 
getables afforded  much  air ;  and  was  even  in 
pofTeffion  of  an  apparatus  to  collect  and  mea- 
fure  it.  But  in  our  time  the  methods  of  collect- 
ing and  confining  the  gafes  are  Amplified  ;  and 
the  hydro-pneumatic  apparatus  has  proved  that 
the  fubftances  are  formed  of  a  mixture  of  car- 
bonic acid,  hydrogene,  and  fometimes  a  little 
nitrogene. 

The  order  in  which  th»  feveral  products  are 
obtained,  and  the  characters  they  exhibit,  lead 
us  to  the  following  obfervations  : 

1.  The  water  which  pafles  firfl  is  ufually 
pure,  and  without  fmell  ;  but  when  odorant 
plants  are  diftilled,  the  firft  drops  are  impreg- 
nated with  their  aroma.  Thefe  firft  portions 
of  water  confifl  of  that  which  was  fuperabun- 
dant,    and    impregnated   the   vegetable   tifllie. 

When 
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When  the  water  of  competition,  or  that  which 
was  in  combination  with  the  vegetable,  begins 
to  rife,  it  carries  along  with  it  a  fmall  quantity 
of  oil,  which  colours  it  ;  and  fome  portions  of  a 
weak  acid,  afforded  by  the  mucilage  and  other 
principles  with  which  it  exifted  in  the  faponace- 
ous  ftate.  The  phlegm  likewife  very  often  con- 
tains a  fmall  quantity  of  ammoniac :  and  this 
alkali  appears  to  be  formed  in  the  operation  it- 
•felf ;  for  there  are  few  plants  which  contain  it 
in  their  natural  ftate. 

1.  To  the  phlegm  fucceeds  an  oily  principle, 
little  coloured  at  firft ;  but,  in  proportion  as  the 
diftillation  advances,  the  oil  which  rife- 
thicker,  and  more  coloured.  They  are  all  cha- 
racterized by  a  fmell  of  burning,  and  an  acrid 
tafte,  that  arife  from  the  impreflion  of  the  fire 
itfelf.  Thefe  oils  are  mod  of  them  refinous, 
and  the  nitric  acid  eafily  inflames  them.  They 
may  be  rendered  more  fluid  and  volatile  by  re- 
peated diflillations. 

3.  In  proportion  as  the  oil  comes  over,  there 
fometimes  diltils  carbonate  of  ammoniac,  which 
attaches  itfelf  to  the  fides  of  the  vefTels.  It  is 
ufually  foiled  with  an  oil  which  colours  it. 
This  fait  does  not  appear  to  exift  ready  formed 
in  vegetables.  Rouelle  the  younger  proved 
that  the  plants  which  afford  the  mofl  of  it,  fuch 
O3  as 
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as  the  cruciferous  plants,  do  not  contain  it  in 
their  natural  ftate.  It  is  therefore  found  when 
its  component  parts  are  volatilized  and  reunited 
by  the  diftillation. 

4.  All  vegetables  afford  a  very  great  quan- 
tity of  gas  by  diftillation  ;  and  their  nature  has 
an  influence  on  the  gafeous  fubflances  they 
afford.  Thofe  plants  which  abound  with  refin, 
afford  much  more  hydrogenous  gas  ;  while  fuch 
as  abound  with  mucilage  produce  carbonic 
acid. 

The  mixture  of  thefe  gafes  forms  an  air  which 
is  heavier  than  the  common  inflammable  air, 
on  which  account  it  has  been  found  very  little 
adapted  to  aeroftatic  experiments. 

The  art  of  charring  wood,  or  converting  it 
into  charcoal,  is  an  operation  nearly  fimilar  to*the 
diftillation  we  have  juft  defcribed.  It  confifts  in 
forming  pyramids  of  wood,  or  conestruncated 
at  their  fummit.  The  whole  is  covered  with 
earth,  well  beaten,  leaving  a  lower  and  upper 
aperture.  The  mafs  is  then  fet  on  fire ;  and 
\yhen  the  whole  is  well  ignited,  thecombufhon  is 
flopped  by  doling  the  apertures  through  which 
the  current  of  air  paffed.  By  this  means  the  wa- 
ter, the  oil,  and  all  the  principles  of  the-vegetable, 
are  diilipated,  except  the  fibre.  The  wood  in  this 
operation  lofes  three-fourths  of  its  weight,  and 

one- 
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one-fourth  of  its  bulk.  According  to  Fontana 
and  Morozzo,  it  abforbs  air  and  water  as  it  cools. 
I  am  aflured,  from  my  experiments  in  the  large 
way,  that  pit-coal  defulphurated  (coaked)  ac- 
quires twenty-five  pounds  of  water  in  the  quin- 
tal by  cooling ;  but  the  coal  of  wood  did  not 
appear  to  me  to  abforb  more  than  fifteen  or 
twenty.  The  futurbrand  of  the  Icelanders  is 
nothing  but  wood  converted  into  charcoal  by 
the  lava  which  has  furrounded  it. — See  Von 
Troil's  Letters  on  Iceland. 

The  charcoal  which  is  the  refidue  of  all 
thefe  di  ft  ill  at  ions,  is  a  fubftance  which  deferves 
an  attention  more  particularly  becaufe  it  en- 
ters into  the  compofition  of  many  bodies,  and 
bears  a  very  great  part  in  their  phenomena. 

Charcoal  is  the  vegetable  fibre  very  flightly 
changed.  It  moft  commonly  preferves  the 
form  of  the  vegetable  which  afforded  it.  The 
primitive  texture  is  not  only  diftinguifhable,  but 
ferves  likewifc  to  indicate  the  flatc  and  nature  of 
the  vegetable  which  has  afforded  it.  It  is  fome- 
times  hard,  lbnorous,  and  brittle;  fometimc* 
light,  fpongy,  and  friable  ;  and  fomc  fubflanccs 
afford  it  in  a  fubtle  powder,  without  confiftence. 
The  coal  of  oils  and  refins  is  of  this  nature. 

Charcoal  well  made  has  neither  fincll  nor 
O  4  tali 
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tafte;  and  it  is  one  of  the  mofl  indecompofablo 
Jubilances  we  are  acquainted  with. 

When  dry,  it  is  not  changed  by  diflillation  in 
clofe  veffels.  But,  when  moift,  it  affords  hydro- 
genous gas  and  carbonic  acid ;  which  proves 
the  decompofition  of  the  water,  and  the  combi- 
nation of  one  of  its  principles  with  the  charcoal, 
while  the  other  is  diflipated.  By  fucceffively 
moiftening  and  diftilling  charcoal,  it  may  be 
totally  deiiroyed. 

Charcoal  combines  with  oxigene,  and  forms 
the  carbonic  acid ;  but  this  combination  does 
not  take  place  unlefs  their  action  be  affifted  by 
heat.  The  charcoal  which  burns  in  a  chaffing- 
difh  exhibits  this  refult ;  and  we  perceive  two 
very  immediate  effects  in  this  operation : — i.  A 
difengageraent  of  heat,  afforded  by  the  tranfition 
of  the  oxigenous  gas  to  the  concrete  ftate.  2.  A 
production  of  carbonic  acid :  it  is  the  forma- 
tion of  this  acid  gas  which  renders  it  dangerous 
to  burn  charcoal  in  places  where  the  current 
of  air  is  not  fufficiently  rapid  to  carry  off  the, 
carbonic  acid  as  it  is  formed. 

Well-made  charcoal  does  not  change  by 
boiling  in  water.  In  proeefs  of  time  it  gives  a 
flight  rcddifh  tinge  to  that  fluid,  which  arifes 
from  the  folution  of  the  coaly  refidue  of  the  oils 

of 
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of  the  vegetable  mixed  with  the  coaly  refidue 
of  the  fibre. 

If  the  fulphuric  acid  be  digeftcd  upon  char- 
coal, it  is  decompofed;  and  affords  carbonic 
acid,  fulphureous  acid,  and  fulphur. 

The  nitric  acid,  when  concentrated,  is  de- 
compofed with  much  greater  rapidity;  for  if  it 
be  poured  upon  very  dry  powder  of  charcoal,  it 
fets  it  on  fire.  This  inflammation  may  be  faci- 
litated by  heating  the  charcoal  or  the  acid.  If 
the  fluid  which  arifes  in  this  experiment  be 
collected,  it  is  found  to  be  carbonic  acid,  ni- 
trous gas,  and  nitric  acid.  M.  Prouft  has  ob- 
ferved,  that  when  the  acid  is  poured  into  the 
middle  of  the  charcoal,  it  does  not  take  fire ; 
but  that  this  effect  immediately  fucceeds  if  the 
acid  be  fufTered  to  flow  beneath  the  coal.  It 
may  even  be  inflamed  by  throwing  it  upon  the 
nitric  acid  flightly  heated. 

If  weak  nitric  acid  be  digefted  upon  charcoal, 
it  diflblves  it,  affumes  a  red  colour,  becomes 
pally,  and  acquires  a  bitter  difagreeable  tafle. 

Charcoal,  mixed  with  the  fulphuric  and  ni- 
tric falts,  decompofes  them;  when  combined 
with  oxides,  it  revives  the  metals.  All  thefe 
effects  depend  on  its  very  great  affinity  with 
the  oxigene  contained  in  thefe  bodies.  It  is 
ufed  to  facilitate  the  decompofition  of  falt-petre 

in 
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in  fome  cafes,  as  in  the  compofition  of  gun- 
powder, the  black  flux,  &c. 

Rouelle  has  obferved  that  the  fixed  alkali 
diilblves  a  good  quantity  of  charcoal  by  fulion. 
The  fame  chemift  has  difcovercd  that  the  ful- 
phur  of  alkali  diflblves  it  in  the  humid  as  well 
as  the  dry  way. 

Charcoal  is  likewifc  capable  of  combining  with 
metals.  It  combines  with  iron  in  its  firft  fu- 
lion, and  mixes  with  it  likewife  in  the  cementa- 
tion by  which  ftecl  is  formed.  When  combined 
with  iron  in  a  fmall  proportion  of  the  metal,  it 
*  conftitutes  plumbago.  It  is  likewife  capable  of 
combining  with  tin  by  cementation ;  to  which 
metal  it  gives  brilliancy  and  hardriefs,  as  I  find 
by  experiment. 


CHAP.      II. 

Concerning  the  Acllon  of  Water  fingly  applied  to 
Vegetables'* 

WE   may  confider   the  action  of  water 
upon  vegetables  in  two  very  different 
points  of  view.     Either  the  chemift  applies  this 

fluid 
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fluid  to  the  plant  itfelf,  to  extract  and  fcpa- 
rate  the  juices  from  the  ligneous  part :  or  elfe 
the  plant  itfelf,  being  immerfed  in  this  fluid,  is 
from  this  time  delivered  to  its  fingle  action ; 
and  in  that  fituation  becomes  gradually  changed 
and  decompofed  in  a  peculiar  manner.  In  thefe 
two  cafes,  the  produces  of  the  operations  are 
very  different.  In  the  firft,  the  ligneous  tex- 
ture remains  untouched,  and  the  juices  which 
are  feparated  remain  unchanged  in  the  fluid : 
in  the  fecond,  more  efpecially  when  vegetables 
ferment  in  heaps,  the  nature  of  the  juices  is 
partly  changed,  but  the  oils  and  refins  remain 
confounded  with  the  ligneous  tifiiie;  fo  that 
the  refult  is  a  mafs  in  which  the  diforganized 
vegetable  is  feen  in  a  ftate  of  mixture  and 
confufion  of  the  various  principles  which  com- 
pofe  it. 

The  chemift  applies  water  to  vegetables,  to 
extract  their  juices,  according  to  two  methods, 
which  conflitutc  infufion  and  decoction. 

Infufion  is  performed  by  pouring  upon  a 
vegetable  a  fuffrcient  quantity  of  hot  water  to 
diflblve  all  its  principles.  The  temperature  of 
the  water  mud  be  varied  according  to  the  na- 
ture of  the  plant.  If  its  texture  be  delicate,  or 
the  aroma  very  fugacious,  the  water  mufl  be 
flightly  heated ;   but  boiling  water  may  be  ufed 

when 
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when  the  texture  is  hard  and  folid,  and  more 
efpecially  when  the  plant  has  no  fmell. 

Decoction,  which  confifts  in  boiling  water 
with  the  vegetable,  ought  not  to  be  employed 
but  with  hard  and  inodorous  plants.  This 
method  is  rejected  by  many  chemifts ;  becaufe 
they  affirm  that,  by  thus  tormenting  the  plant, 
a  confiderable  quantity  of  fibrous  matter  be- 
comes  mixed  with  the  juices.  Decoction  is 
generally  banifhed  from  the  treatment  of  odo- 
rant  plants,  becaufe  it  diffipates  the  volatile  oil 
and  aroma.  The  decoction  ufed  in  our  kitchens 
to  prepare  leguminous  plants  for  food,  has  the 
inconvenience  of  extracting  all  the  nutritive 
parts,  and  leaving  only  the  fibrous  parenchyma. 
Hence  arifes  the  advantage  of  the  American 
pot  or  boiler,  in  which  the  garden-fluff  is  boiled 
by  fimple  vapour,  and  confequently  the  nutri- 
tive principle  remains  in  the  vegetable;  to 
which  advantage  we  may  add  that  of  ufing  any 
water  whatever,  becaufe  the  fteam  alone  is  ap- 
plied to  the  intended  purpofe. 

But  the  infufion,  decoction,  and  clarification 
of  juices  is  not  left  to  the  choice  of  the  chemiit 
when  it  is  required  to  prepare  any  medicine ; 
for  thefe  methods  produce  furprifing  varieties 
in  the  virtue  of  remedies.  Thus,  for  example, 
according  to  Storck,  the  concentrated  juice  of 
9  hemlock 
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hemlock  has  no  good  qualities  unlefs  it  be  eva- 
porated without  being  clarified. 

In  treating  juniper  berries  by  infuiion,  and 
evaporation  on  a  water  bath  to  the  confiftence 
of  honey,  an  aromatic  extract  is  obtained,  of  a 
faccharine  colour:  the  decoction  of  the  fame 
berries  affords  a  lefs  fragrant  and  lefs  reflnous 
extract,  becaufe  the  refin  feparates  from  the  oil, 
and  falls  down. 

The  extract  of  grapes,  which  is  called  refme 
in  France,  and  raoft  fweetmeats,  are  prepared 
in  this  way. 

Extracts  are  prepared  in  the  large  way  for 
fale  by  the  affiflance  of  water.  We  fhall  con- 
fine ourfelves  to  fpeakof  two  only,  the  juice  of 
liquorice  and  of  cachou.  The  firft  will  afford 
an  example  of  decoction,  and  the  fecond  of  in- 
fuiion. 

The  extract  of  liquorice  is  prepared  in  Spain, 
by  decoction  of  the  fhrub  of  the  fame  name. 
This  plant  grows  abundantly  near  our  ponds ; 
and  we  might  at  a  fmall  expence  avail  our- 
felves of  this  fpecies  of  induftry :  I  have  afcer^ 
tained  that  a  pound  of  this  root  affords  two  or 
three  ounces  of  good  extract.  The  apothe- 
caries afterwaras  prepare  it  in  various  ways  for 
their  feveral  purpofes,  and  to  render  its  ufe 
more  convenient  and  agreeable. 

The 
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The  eachou  is  extracted  in  the  Eaft  Indies 
from  an  infufion  of  the  feeds  of  a  kind  of  palm. 
While  the  feed  is  yet  green,  it  is  cut,  infufed 
in  hot  water ;  and  this  infufion  is  evaporated  to 
the  confiftence  of  an  extract,  which  is  after- 
wards made  into  lumps,  and  dried  in  the  fun. 
M.  de  Juffieu  communicated  to  the  Academy, 
in  the  year  1720,  remarks  by  which  he  afcer- 
tains  that  the  differences  in  the  feveral  kinds  of 
eachou  arife  from  the  various  degrees  of  matu- 
rity in  the  feeds,  and  the  greater  or  lefs  quick- 
nefs  with  which  the  extract  is  dried. 

The  eachou  of  commerce  is  ufually  impure ; 
but  it  may  be  cleared  of  its  impurities  by  dif- 
folving,  filtering,  and  evaporating  it  feveral 
times. 

The  tafle  of  eachou  is  bitter  and  aftringent. 
It  diflblves  very  well  in  the  mouth,  and  is  ufed 
as  a  rcftorative  for  weak  ftomachs :  it  is  made 
into  comfits  by  the  addition  of  three  parts  of 
fugar,  and  a  fufficient  quantity  of  gum  adra- 
gant. 

When  vegetables  are  immerfed  in  water,  their 
texture  becomes  relaxed ;  all  the  foluble  prin- 
ciples are  earned  off;  and  there  remains  only 
the  fibrous  part  diforganized,  and  impregnated 
with  vegetable  oil,  altered  and  hardened  by  the 
reaction  of  other  principles.  This  tranfition 
8  may 
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may  be  very  well  obierved  in  marines,  where 
plants  grow  and  perifh  in  great  numbers,  form- 
ing mud  by  their  decompolition.  Thefe  ftrata 
of  decompofed  vegetables,  when  taken  out  of 
the  water  and  dried,  may  be  ufed  as  the  mate- 
rial of  combuftion.  The  fmcll  is  unwholefome; 
but  in  mops,  or  places  where  the  chimneys  draw 
well,  this  combuftible  may  be  ufed. 

Vegetables  have  been  confidered  as  the  caufe 
of  the  formation  of  pit-coal ;  but  a  few  forefts 
being  buried  in  the  earth,  are  not  fufficient  to 
form  the  mountains  of  coal  which   exifl  in  its 
bowels.     A  greater  caufe,  more  proportioned  to 
the  magnitude  of  the  effect,  is  required  3  and  we 
find  it  only  in  that  prodigious  quantity  of  vege- 
tables which  grows  in  the  feas,  and  is  ftill  in- 
creafed  by  the  immenfe  mafs  of  thofe  which 
arc  carried  down  by  rivers.     Thefe  vegetables, 
carried    away    by    the   currents,    are   agitated, 
heaped  together,  and  broken   by  the   waves; 
and  afterwards  become  covered  with  ftrata  of 
argillaceous   or    calcareous  earth,  and  are  de- 
compofed.    It  is  ealier  to  conceive  how  thefe 
mafles  of  vegetables  may  form  ftrata  of  coal, 
than  that  the  remains  of  fhclls  lhould  form  the 
greater  part  of  the  globe. 

The  direct  proofs  which   may  be  given  of 
the  truth  of  this  theory  are — 

1.  The 


2tfS  Formation  of  Pit -coat 

i .  The  prcfence  of  vegetables  in  coal  mines, 
'Aire  bamboo  and  banana  trees  are  found  in 
the  coal  of  Alais.  It  is  common  to  find  ter- 
reflrial  vegetables  confounded  with  marine 
plants. 

i.  The  prints  of  fhells  and  of  fifh  are  like- 
wife  found  in  the  flrata  of  coal,  and  not  unfre- 
quently  fhells  themfelves.  The  pit-coal  of 
Orfan  and  that  of  Saint-Elprit  contain  a  prodi- 
gious number. 

3.  It  is  evidently  feen,  by  the  nature  of  the 
mountains  which  contain  charcoal,  that  their 
formation  has  been  fubmarine;  for  they  all 
confifl  either  of  fchiflus,  or  grit,  or  lime-flone. 
The  fecondary  fchiflus  is  a  kind  of  coal  in 
which  the  earthy  principle  predominates  over 
the  bituminous.  Sometimes  even  this  fchiflus 
is  combuflible,  as  is  feen  in  that  of  St.  George 
near  Milhaud.  The  texture  of  the  vege- 
tables, and  the  impreflion  of  fifh,  are  very 
ivell  preferved  in  the  fchiflus.  The  origin 
of  the  fchiflus  is  therefore  fubmarine ;  and 
confequently  fo  likewife  mufl  be  the  origin 
of  the  coal  diflributed  in  flrata  through  its 
thicknefs. 

The  grit-flone  confifls  of  fand  heaped  together, 
carried  into  the  fea  by  the  rivers,  and  thrown  up 
againfl  the  (Lores  by  the  waves.     The  flrata  of 

.     bitumen 
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bitumen  which  are  found  in  thefe  cannot  there- 
fore but  come  from  the  fea. 

Calcareous  earth  rarely  contains  ftrata  of  coal, 
but  is  merely  impregnated  with  it,  as  at  St. 
Ambroife,  at  Servas,  &x.  where  the  bitumen 
forms  a  cement  with  the  calcareous  earth. 

Concerning  Pit-CoaL 

Pit-coal  is  ufuall y  found  in  ftrata  in  the  earth, 
slmoft  always  in  mountains  of  fchiftus  or  grit. 
It  is  the  property  of  coal  to  burn  with  flame, 
and  the  emiflion  of  much  fmoke. 

The  fecondary  fchiftus  is  the  balls  of  all  pit- 
coal,  and  the  quality  of  the  coal  moflly  depends 
upon  the  proportion  of  this  balls.  When  the 
fchiftus  predominates,  the  coal  is  heavy,  and 
leaves  a  very  abundant  earthy  refidue  after  its 
eombuftion.  This  kind  of  coal  is  veined  inter- 
nally with  flat  pieces,  or  rather  feparate  mafles, 
of  fchiftus  nearly  pure,  which  we  call  jiches. 

As  the  formation  of  the  pyrites,  as  well  as 
that  of  coal,  arifes  from  the  decompofition  of 
vegetable  and  animal  fubftances,  all  pit-coal  is 
more  or  lefs  pyritous  ;  fo  that  we  may  confider 
pit-coal  as  a  mixture  of  pyrites,  fchiftus,  and 
bitumen.  The  different  qualities  of  coal  arife 
therefore  from  the  difference  in  the  proportions 
of  thefe  principles. 

Vol.  III.  P  Whe* 
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When  the  pyrites  is  very  abundant,  the  coat 
exnroits  yellow  veins  of  the  mineral,  which  are 
decompofed  as  foon  as  they  come  in  contact 
with  the  air ;  and  form  an  effiorefcence  of  ful- 
phate  of  magnefia,  of  iron,  of  alumine,  &c. 

When  pyritous  coal  is  fet  on  fire,  it  emits  an 
infupportable  fmell  of  fulphur;  but  when  the 
eombuflion  is  infenfible,  inflammation  is  fre- 
quently produced  by  the  decompofition  of  the  py- 
rites ;  and  it  is  this  which  occafions  the  inflamma- 
tion of  feveral  veins  of  coal.  There  are  veins  of 
coal  on  fire  at  St.  ttienrie  in  Forcz,  at  Cram- 
fac  in  Rouergue,  at  Roquecremade  in  the  dio- 
ccie  of  Beziers  •  and  it  is  not  rare  to  fee  the 
.  fire  deftroy  confiderable  mafles  of  pyritous  coal, 
when  the  decompofition  is  favoured  by  the  con- 
currence of  air  and  water.  If  the  inflammation 
be  excited  in  more  confiderable  mafTes  of  bi- 
tumen, the  effects  are  then  more  firiking  ;  and  it 
is  to  a  caufe  of  this  nature  that  we  ought  to  refer 
the  origin  and  efTecl:  of  volcanos. 

When  the  fchiftus,  or  flaty  principle,  predomi- 
nates in  coals,  they  are  then  of  a  bad  quality, 
becaufe  their  earthy  refidue  is  more  confidera- 
ble. 

The  befi  coal  is  that  in  which  the  bituminous 
principle  is  the  mofl  abundant,  and  exempt  from 
all  impurity.     This  coal  fwells  up  when  it  burns, 

and 
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and  the  fragments  adhere  together :  it  is  more 
particularly  upon  this  quality  that  the  practice 
uf  the  operation  called  defulphurating  or  purify- 
ing of  coal  depends.  This  operation  is  analogous 
to  that  in  which  wood  is  converted  into  charcoal. 
In  the  defulphuration,  pyramids  are  made,  which 
are  fet  on  lire  at  the  centre.  When  the  heat  has 
itrongly  penetrated  the  mafs,  and  the  flame  if- 
fues  out  of  the  fides,  it  is  then  covered  with 
moiit  earth  :  the  combuflion  is  fufFocated,  the 
bitumen  is  diflipated  in  fmoke,  and  there  re- 
mains only  a  light  lpungy  coal,  which  attracts 
the  air  and  humidity,  and  exhibits  the  fame  phe- 
nomena in  its  combuflion  as  the  coal  of  wood. 
When  it  is  well  made,  it  gives  neither  flame  nor 
fmoke ;  but  it  produces  a  ftronger  heat  than  that 
of  an  equal  mafs  of  native  coal.  This  operation 
received  the  name  of  defulphurating  (defoufrage) 
from  a  notion  that  the  coal  was  by  this  means  de- 
prived of  its  fulphur ;  but  it  has  been  proved 
that  all  coals  which  are  capable  of  this  operation 
contain  fcarcely  any  fulphur. 

It  was  for  a  long  time  fuppofed  that  the  fmell 
of  pit-coal  was  unwholefome ;  but  the  contrary 
is  now  proved.  Mr.  Vend  has  made  many 
experiments  on  this  fubjeel,  and  is  convinced 
that  neither  man  nor  animals  are  incommoded 
by  this  vapour.  Mr.  Hoffman  relates  that  dif- 
P  2  .orders 
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orders  of  the  lungs  are  unknown  in  the  village* 
of  Germany  where  this  combuftible  only  is 
ufed.  I  think  that  eoal  of  a  -good  quality  does 
not  emit  any  dangerous  vapour  ;  but  when  it  is 
pyritous  its  fmell  cannot  but  be  hurtful. 

The  ufe  of  coal  is  generally  applicable  to  the 
arts  ;  and  nature  appears  to  have  concealed  thefe 
magazines  of  combuftible  matter,  to  give  us  time 
to  repair  our  exhauiled  forefts.  Thefe  mines 
are  very  abundant  and  numerous  in  the  king- 
dom of  France.  Our  province  contains  many^ 
and  we  have  more  than  twepty  which  are  in  full 
work.  Pit-coal  is  applied  in  England  even  to 
domeftic  ufes,  and  this  part  of  mineralogy  is 
very  much  cultivated  in  that  kingdom.  Indivi- 
duals have  there  undertaken  the  moll  confidera- 
ble  enterprifes  in  this  way.  The  Duke  of  Bridge- 
water  has  made  a  cana^  at  Bridgewater,  two 
thoufand  five  hundred  toiies  in  length,  to  facili- 
tate the  working  of  the  eoal  mines  in  Lancafhire. 
It  coil  five  millions  of  livres  :  part  of  it  is  carried 
under  a  mountain  ;  and  it  pafles  fucceffively  un- 
der as  well  as  over  rivers  and  highways.  In  our 
province  we  are  in  want  of  roads  only  for  the 
tranfportation  of  our  coal ;  and  Languedoc  has 
not  had  the  fpirit  to  perform  a  work  which  a  pri- 
vate individual  has  executed  in  England. 

In  Scotland,  Lord  Dundonald  has  creeled  fur- 
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naces  in  which  the  bitumen  is  difengaged  from 
coal  ;  and  the  vapours  are  received  and  condenf- 
cdin  chambers,  over  which  he  has  caufed  a  river 
to  flow  for  the  purpofe  of  cooling  them.  Thefe 
condenfed  vapours  lupply  the  Englifh  navy  with 
as  much  tar  as  it  requires.  Becher,  in  his  work 
intitled  "  Foolifh  Wifdom,  or  Wife  Folly," 
printed  at  Franckfort  in  1683,  affirms  that  he 
fueceeded  in  appropriating  the  bad  turf  of  Hol- 
land, and  the  bad  coal  of  England,  to  the  com- 
mon ufes.  He  adds  that  he  obtained  tar  fupe- 
rior  to  that  of  Sweden  by  a  procefs  fimilar  to  that 
of  the  Swedes.  He  affirms  that  he  had  made 
this  known  in  England,  and  fhewn  it  to  the 
King. 

Mr.  Faujas  has  carried  the  procefs  of  the  Scotch 
nobleman  into  execution  at  Paris.  The  whole 
confiits  in  fetting  fire  to  the  coal,  and  extinguifh- 
ing  it  at  the  proper  time,  that  the  vapour  may 
pafs  into  chambers  containing  water  for  the  pur- 
pofe of  condeniing  them.  This  tar  appeared  to 
be  fupcrior  to  that  of  wood. 

Pit-coal  likewife  affords  ammoniac  by  distilla- 
tion, which  is  diflblved  in  water,  while  the  oil 
floats  above. 

,,cn  coal  is  deprived  by  combuftion  of  all 

the  oil  and  other  volatile  principles,  the  earthy 

due  contains  the  fulphates  of  alumine,  iron, 

P  3  magncfia, 
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magnefia,  lime,  &c.  Thefe  falts  are  all  formed 
when  the  combuftion  is  flow  ;  but  when  it  is  ra^ 
pid  the  fulphur  is  diflipated,  and  there  remain, 
only  the  aluminous,  magnefian,  calcareous,  and 
other  earths.  The  alumine  molt  commonly  pre- 
dominates. 

Naptha,  petroleum,  mineral  pitch,  and  afphal- 
tes,  are  only  flight  modifications  of  the  bitumi- 
nous oil  fo  abundant  in  pit-coal.  This  oil,  which 
the  fimple  heat  of  the  decompofition  of  the  py- 
rites is  lufficient  to  difengage  from  the  coal,  re- 
ceives other  modifications  by  the  impreffion  of 
the  external  air. 

Petroleum,  or  the  oil  petrol,  is  the  firfl 
alteration.  This  oil  is  found  near  volcanos,  in 
the  vicinity  of  coal  mines,  &c.  We  are  ac- 
quainted  with  feveral  fprings  of  this  petroleum. 
There  is  one  at  Gabian  in  the  dioccfe  of  Be- 
ziers.  It  is  carried  out  by  the  water  of  a  fpring 
which  iflues  from  the  lower  part  of  a  mountain 
whofe  fummit  is  volcanized. 

The  fmell  of  petroleum  is  difngreeable  :  its 
colour  is  reddifh  ;  but  it  may  be  rendered  clear 
by  diftilling  it  from  the  clay  of  Murviel. 
Naptha  is  merely  a  variety  of  petroleum. 
Near  Derbens,  on  the  Cafpian  Sea,  there  are 
fprings  of  naptha,  which  Kempfer  vifited  about 
a  century  ago,  and  of  which  he  has  left  a  de- 
fcription. 

There 
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There  is  a  place  known  by  the  name  of  the 
'Perpetual  Fire,  where  the  fire  burns  without  cea£- 
ing.  The  Indians  do  not  attribute  the  origin  of 
ihis  inextinguifhable  fire  to  naptha;  but  they 
maintain  that  God  has  confined  the  Devil  in  this 
place,  to  deliver  man  from  him.  They  go  in 
pilgrimage  thither,  and  make  their  prayers  to 
Cod  that  he  will  riot  fuffer  this  enemy  of  man- 
kind to  efcape. 

The  earth  impregnated  with  naptha  is  calca- 
reous, and  efFervefces  with  acids  ;  it  takes  fire 
by  the  contact  of  any  ignited  body  whatever. 

This  perpetual  fire  is  of  great  ufe  to  the  in- 
habitants of  Baku.  They  pare  off  the  furface  of 
Ihis  burning  foil,  upon  which  they  make  a  heap 
.of  limeflones,  and  cover  it  with  the  earth  pared 
off;   and  in  two  or  three  days  the  lime  is  made. 

The  inhabitants  of  the  village  of  Frogann  re- 
pair to  this  place  to  cook  their  provifions. 

The  Indians  aflemble  from  all  parts  to  adore 
the  Eternal  Being  in  ,this  place.  Several  temples 
were  built,  one  of  which  is  It-ill  in  exiltence.  Near 
.the  altar  there  is  a  tube  inferted  in  the  earth,  two 
or  three  feet  in  length ;  out  of  which  ifTues  a 
blue  flame,  mixed  with  red.  The  Indians  pro- 
it  rate  themfelvcs  before  this  tube,  and  put  them- 
felves  into  attitudes  which  are  exceedingly  ftrange 
and  painful. 

P  4  Mr. 
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Mr.  Gmelin  obferves  that  two  kinds  of  nap-, 
tha  are  diftinguifhed  in  this  country ;  the  one' 
tranfparent  and  yellow,  which  is  found  in  a  well. 
This  well  is  covered  with  {tones  fmeared  with  a 
cement  of  fat  earth,  in  which  the  name  of  Kan 
is  engraved  ;  and  no  one  is  permitted  to  break 
this  fealed  covering  but  thofe  who  are  deputed 
from  the  Kan. 

Mineral  pitch  is  likewife  a  modification  of 
petroleum.  It  is  found  in  Auvergne,  at  a  place 
called  Puits  de  Lapcge,  near  Allais,  in  an  ex- 
tent of  feverar  leagues,  which  comprehends  Ser- 
vas,  Saint  Ambroife,  <kc. 

The  calcareous  ftone  is  impregnated  with  a 
bitumen  which  is  foftened  by  the  heat  of  fum- 
mer,  when  it  flows  from  the  rocks,  and  forms  a 
very  beautiful  flalaclites.  It  forms  mafles  in 
the  fields,  and  impedes  the  pafiage  of  carriages  : 
the  peafants  ufe  it  to  mark  their  fheep.  This 
ftone  emits  an  abominable  fmell  when  rubbed. 
The  epifcopal  palace  of  Alais  was  paved  with 
it  in  the  time  of  Mr.  Davcjan  ;  but  it  became 
neceflary  to  fubftitute  other  ftone  in  its  flead.  It 
is  afTerted  that  mineral  pitch  was  ufed  to  cement 
the  walls  of  Babylon. 

Afphaltes,  or  bitumen  Judaicum,  is  black, 
brilliant,  ponderous,  and  very  brittle. 

It  emits  a  fmell  by  fridlion ;  and  is  found  float- 
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ing  on  the  water  of  the  lake  Afphaltites,  or  the 
Dead  Sea. 

The  afphaltes  of  commerce  is  extracted  from 
the  mines  of  Annemore,  and  more  particularly 
in  the  principality  of  Neufchatel.     Mr.   Pal:, 
found  fprings  of  afphaltes  on  the  banks  of  the 
Sock,  in  Pruflla. 

Moft  naturalifts  confider  it  as  amber  decom- 
pofed  by  fire. 

Afphaltes  liquefies  on  the  fire,  fwells  up,  and 
affords  flame,  with  an  acrid  difagreeable  fmoke. 
By  diftillation  it  affords  an  oil  refembling  pe- 
troleum. The  Indians  and  Arabs  ufe  it  inftead 
of  tar,  and  it  is  a  component  part  of  the  varnifh 
of  the  Chinefe. 

Yellow  amber,  karabe,  or  the  electram  of  the 
ancients,  is  in  yellow  or  brown  pieces,  tranfpa- 
rent  or  opake,  capable  of  a  polifh,  becoming 
electric  by  friction,  &c. 
It  is  friable  and  brittle. 

There  is  no  fubftance  on  which  the  imagina- 
tion of  poets  has  been  more  excrcifed  than  this. 
Sophocles  had  affirmed  that  it  was  formed  in 
India  by  the  tears  of  the  fifrers  of  Meleager, 
changed  into  birds,  and  deploring  the  fate  of 
ir  brother;  but  one  of  the  molt  interefting 
bilious  01  which  have  been  attributed  to 

it,  is  afforded  by  the  fable  of  Phaeton  burning  the 

heavens 
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heavens  and  the  earth,  and  precipitated  by  the 
thunder  of  Jove  into  the  waters  of  Eridanus. 
His  fiftcrs  are  defcribed  weeping;  and  the 
precious  tears  fell  into  the  waters  without  mixr 
ing  with  them/  became  folid  without  lofing 
their  tranfparency,  and  were  converted  into  the 
yellow  amber  fo  highly  valued  by  the  ancients. 
— See  Bailly. 

Amber  pofTefles  lefs  coaly  matter  than  any 
other  bitumen. 

It  is  frequently  found  difperfed  over  ftrata 
of  pyritous  earth,  and  covered  with  a  ftratum 
of  wood,  abounding  with  a  blackifh  bituminous 
matter. 

It  is  found  floating  in  the  Baltic  Sea,  on  the 
coaft  of  Ducal  Pruflia  \  it  is  alio  found  near  Sif- 
treron  in  Provence. 

No  other  chemical  ufe  was  for  a  long  time 
made  of  amber,  than  to  form  compositions  for 
medicine  and  the  arts.  We  are  indebted  to 
Neumann,  Bourdelin,  and  Pott  for  a  tolerably 
accurate  analyfis  of  this  bitumen.  The  two 
conflituent  principles  exhibited  in  the  analyfis 
of  amber,  are  the  fait  of  amber,  or  fuccinic  acid, 
and  a  bituminous  oiL 

To  extract  the  fuccinic  acid,  the  amber  is 
"broken  into  fmall  pieces,  which  are  put  into  a 
retort,  and   diftilled  with  a  fuitable  apparatus 

upon 
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upon  a  fand  bath.  When  the  fire  is  carefully 
managed,  the  produces  are — 1.  An  infipid 
phlegm.  2.  Phlegm  holding  a  fmall  portion  of 
acid  in  folution.  3.  A  concrete  acid  fait,  which 
attaches  itfelf  to  the  neck  of  the  retort.  4.  A 
brown  and  thick  oil,  which  has  an  acid  fmell. 

The  concrete  fait  always  retains  a  portion  of 
oil*  in  its  firft  difiillation.  SchefYer,  in  his 
Leflbns  of  Chemiitry,  propofes  to  diftil  it  with 
fand  ;  Bergmann  with  white  clay  ;  Pott  advifes 
folution  in  water,  and  filtration  through  white 
cotton  ;  after  which  the  fluid  is  to  be  evaporat- 
ed, and  is  found  to  be  deprived  of  the  .oil,  which 
remains  on  the  cotton.  Spiclmann,  after  Pott, 
propofes  to  diftil  it  with  the  muriatic  acid ;  it 
then  fublimes  white  and  pure.  Bourdelin  clears 
it  of  its  oil  by  detonation  with  nitre.  This  fait  is 
prepared  in  the  large  way  at  Koningfberg,  where 
the  fhavings  and  chips  of  amber  are  diftilled. 

The  fuccinic  acid  has  a  penetrating  taile,  and 
reddens  the  tincture  of  turnfolc.  Twenty-four 
parts  of  cold  water,  and  two  of  boiling  water, 
diflblve  one  of  this  acid.  If  a  faturated  folution 
of  this  fait  be  evaporated,  it  cryftallizes  in  trian- 
gular prifms,  whofe  points  arc  truncated. 

M.  Do  Morvcau  obferves  that  its  affinities 
are  barytcs,  lime,  alkalis,  magnefia,  &c. 

*  AdJe  in  the  original:  doubt Jefs  by  overfight.     T. 

4  The 
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The  oil  of  amber  has  an  agreeable  fmell :  It 
may  be  deprived '  of  its  colour  by  diftillation 
from  white  clay.  Roaelle  diftilled  it  with  wa^ 
ten  When  mixed  with  ammoniac  it  forms  a  li- 
quid foap,  known  by  the  name  of  Eau  de  Luce. 

To  make  eau  de  luce,  I  diflblve  Punic  wax 
in  alcohol,  with  a  fmall  quantity  of  oil  of  amber  ; 
and  on  this  I  pour  the  pure  volatile  alkali. 

Alcohol  attacks  amber,  and  acquires  a  yel- 
low colour.  Hoffmann  prepares  this  tincture 
by  mixing  the  fpirit  of  wine  with  an  alkali. 

The  medical  ufe  of  amber  confifts  in  burn- 
ing it,  and  receiving  the  vapour  on  the  difcafed 
part.  Thefe  vapours  are  ftrcngthening,  and 
remove  obfTruelions.  The  oil  of  amber  is  ap- 
plied to  the  fame  ufe.  A  fyrup  of  amber  is 
made  with  the  fpirit  of  amber  and  opium,  which 
is  ufed  to  advantage  as  a  fedative  anodyne  me- 
dicine. The  flnelt  pieces  of  amber  are  ufed  to 
make  toys.  Wallerius  affirms  that  the  molt 
tranfparent  pieces  may  be  ufed  to  make  mirrors, 
prilms,  &c.  It  is  faid  that  the  King  of  Pruffia 
has  a  burning  mirror  *  of  amber  one  foot  in 
diameter ;  and  that  there  is  a  column  of  amber 
in  the  cabinet  of  the  Duke  of  Florence  ten  feet 
high,  and  of  a  very  fine  luflre. 

*  So  in  the  original ;  but  the  matter  as  well  as  the  properties 
of  this  lubftance  put  it  out  of  doubt  that  it  fhould  be  lens.  T. 
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Concerning  Volcanos. 

The  combuftion  of  thofe  enormous  mafles  of 
bitumen  which  are  depolited  in  the  bowels  of 
the  earth,  produces  volcanos.  They  owe  their 
origin  more  efpecially  to  the  ftrata  of  pyritous 
coal.  The  decompofition  of  water  upon  the 
pyrites  determines  the  heat,  and  the  produc- 
tion of  a  great  quantity  of  hydrogenous  gas, 
which  exerts  itfelf  againft  the  furrounding  ob- 
ftacles,  and  at  length  breaks  them.  This  effect: 
is  the  chief  caufe  of  earthquakes  ;  but  when  the 
concourfe  of  air  facilitates  the  combuition  of  the 
bitumen  and  the  hydrogenous  gas,  the  flame  is 
feen  to  ifTue  out  of  the  chimneys  or  vents  which 
are  made :  and  this  occafions  the  fire  of  volcanos. 

There  are  many  volcanos  frill  in  an  active 
ftate  on  our  globe,  independent  of  thofe  of 
Italy,  which  are  the  moft  known.  The  abbe 
Chappe  has  defcribed  three  burning  in  Siberia. 
Anderfon  and  Von  Troil  have  defcribed  thofe  of 
Iceland.  Afia  and  Africa  contain  feveral :  and 
we  find  the  remains  of  thefe  fires  or  volcanic 
products  in  all  parts  of  the  globe. 

turalifts  inform  us  that  all  the  fouthern 
iflands  have  been  volcanized ;  and  they  arc  feen 
daily  to  be  formed  by  the  action  of  thelc  fubtcr- 

rancous 
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raneous  fires.  The  traces  of  fire  exifl  even 
immediately  around  us.  The  fingle  province 
of  Languedoc  contains  more  extinct  volcanos 
than  twenty  years  ago  were  known  to  exift 
through  all  Europe.  The  black  colour  of  the 
flones,  their  fpungy  texture,  the  other  products 
of  fire,  and  the  identity  of  thefe  fubftances 
with  thofe-of  the  volcanos  at  prefent  burning, 
are  all  in  favour  of  the^opinion  that  their  origin 
was  the  fame  *. 

When 

*  A  volcano  was  announced  and  defcribed  to  be  burning 
in  Languedoc,  refpecting  which  it  is  neceflary  to  give  fome 
elucidation.  This  pretended  volcano  is  known  by  the  name 
of  the  Phofphorus  of  Venejan. 

Venejan  is  a  village  fituated  at  the  diflance  of  a  quarter  of 
a  league  from  the  high  road  between  St.  Efprit  and  Bagnols. 
From  time  immemorial,  at  the  return  of  fpring,  a  fire  was 
feen  from  the  high  road,  which  increafed  during  the  fummer, 
was  gradually  extinguimad  in  autumn,  and  was  viiible  only  in 
the  night.  Several  perfons  had  at  various  times  directed  their 
courfe  from  the  high  road,  in  a  right  line  towards  Venejan,  to 
verify  the  fa&  upon  the  fpot :  but  the  necefiity  of  descending 
into  a  deep  valley  before  they  could  arrive  thither,  occafioned 
them  to  lofe  fight  of  the  fire  ;  and  on  their  arrival  at  Venejan 
no  appearance  was  feen  in  the  lead  refembling  the  fire  of  a 
volcano.  Mr.  de  GenfTane  defcribes  this  phenomenon,  and 
compares  it  to  the  flafhing  of  a  ftrong  aurora  borealis :  he 
even  fays  that  the  country  is  volcanic.  Hilt.  Nat.  du  Lan- 
guedoc, Diocefe  d'Uzes. — At  length,  in  the  courfe  of  the 
lad  four  or  five  years,  it  was  obferved  that  thefe  fires  were 

multiplied 
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When  the  decomposition  of  the  pyrites  is  ad- 
vanced, and  the  vapours  and  elaftic  fluids  can 
ho  longer  be  contained  in  the  bowels  of  the 
earth,  the  ground  is  fhaken,  and  exhibits  the 
phenomena  of  earthquakes.  Mephitic  vapours 
are  multiplied  on  the  lurface  of  the  ground, 

multiplied  lfl  the  fpring  ;  and  that,  inttead  of  one,  there  were 
three.  Certain  philofophers  of  Bagncls  undertook  the  pro- 
ject of  examining  this  phenomenon  moreclofely  ;  and  for  this 
purpofe  they  repaired  to  a  fpot  between  the  high  road  and 
Venejan,  armed  with  torches,  fpeaking  trumpets,  and  every 
Other  implement  which  they  conceived  to  be  necefTary  for 
making  their  obfervations.  At  midnight,  four  or  five  of  the 
party  were  deputed  and  directed  towards  the  fire  ;  and  thoib 
who  remained  behind  directed  them  conftantly  in  their  \va3- 
by  means  of  their  fpeaking  trumpets.  They  at  laft  arrived 
at  the  village,  where  they  found  three  groups  of  women 
winding  filk  in  the  middle  of  the  ftreet  by  the  light  of  a  fire 
made  of  hemp  ftalks.  All  the  volcanic  phenomena  then 
difappeared,  and  the  explanation  of  the  obfervations  made  oq 
this  fubjedi  became  very  fimple.  In  the  fpring,  the  fire  was 
weak,  becaufe  it  was  fed  with  wood,  which  afforded  heal  and 
light ;  during  the  fummer,  hemp  ftalks  were  burned,  became 
light  only  was  wanted.  At  that  time  there  were  three  fires, 
becaufe  the  fair  of  Saint  Efprit  was  near  at  hand,  at  which 
they  fold  their  filk,  and  which  confequentry  put  them  under 
the  neceffity  of  expediting  their  work.  As  thefe  obfervers 
announced  their  arrival  with  much  noife,  the  country  people 
drove  them  back  by  a  fhovver  of  ftones,  which  the  Don  Quix- 
otes of  natural  hiftory  might  have  taken  for  a  volcanic 
eruption. 

and 
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an4  dreadful  hollow  noifes  are  heard.  In  Ice-* 
land,  the  rivers  and  fprings  are  fwallowed  up  ; 
a  thick  fmoke,  mixed  with  fparks  and  lightning, 
is  then  difengaged  from  the  crater  ;  and  natu- 
ralifts  have  obferved  that,  when  the  fmoke  of 
Vefuvius  takes  the  form  of  a  pine,  the  eruption 
is  near  at  hand. 

To  thefe  preludes,  which  fhew  the  internal 
agitation  to  be  great,  and  that  obftacles  oppofe 
the  hTue  of  the  volcanic  matters,  fucceeds  an 
eruption  of  ftones  and  other  products,  which 
the  lava  drives  .before  it  ;  and  lafHy  appears 
a  river  of  lava,  which  flows  out,  and  fpreads 
itfelf  down  the  fide  of  the  mountain.  At 
this  period  the  calm  is  reftored  in  the  bowels 
of  the  earth,  and  the  eruption  continues  with- 
out earthquakes.  The  violent  efforts  of  the 
included  matter  fometimes  caufe  the  fides  of 
the  mountain  to  open ;  and  this  is  the  caufe 
which  has  fucceflively  formed  the  fmaller  moun- 
tains which  furround  volcanos.  Montenuovo, 
which  is  a  hundred  and  eighty  feet  high,  and 
three   thoufand  in  breadth,  was  formed  in    a 


night. 


This  crifis  is  fometimes  fucceeded  by  an 
eruption  of  allies  which  darken  the  air.  Thefe 
afhes  are  the  laft  refult  of  the  alteration  of  the 
coals ;  and  the  matter  which  is  firlt  thrown  out 

is 
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is  that  which  the  heat  has  half  vitrified.  In  the 
year  1767,  the  afhes  of  Vefuvius  were  carried 
twenty  leagues  out  to  lea,  and  the  ftreets  of 
Naples  were  covered  with  them.  The  report  of 
Dion,  concerning  the  eruption  of  Vefuvius  in 
the  reign  of  Titus,  wherein  the  allies  were  car- 
ried into  Africa,  Egypt,  and  Syria,  feems  to 
be  fabulous.  Mr.  de  Sauffure  obferves  that  the 
foil  of  Rome  is  of  this  character,  and  that  the 
famous  catacombs  are  all  made  in  the  volcanic 
afhes. 

It  muft  be  admitted,  however,  that  the  force 
with  which  all  thefe  products  are  thrown,  is  af- 
toniming.  In  the  year  1769,  a  ftone  twelve 
feet  high,  and  four  in  circumference,  was 
thrown  to  the  diftance  of  a  quarter  of  a  mile 
from  the  crater:  and  in  the  year  1771  Sir 
William  Hamilton  obferved  ftones  of  an  enor- 
mous fizc,  which  employed  eleven  feconds  in 
falling. 

The  eruption  of  volcanos  is  frequently  aque- 
ous :  the  water,  which  is  confined,  and  favours 
the  decomposition  of  the  pyrites,  is  fomctimes 
ltrongly  thrown  out.  Sea  fait  is  found  among 
the  ejected  matter,  and  likewife  fal  ammoniac.  In 
the  year  1630,  a  torrent  of  boiling  water,  mixed 
with  lava,  dcltroyed  Portici  and  Torre  del 
Greco.     Hamilton    faw  boiling  water  ejected. 

Vol.  III.  Q  The 
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The  fprings  of  boiling  water  in  Iceland,  and  all 
the  hot  fprings  which  abound  at  the  furface  of  the 
globe,  owe  their  heat  only  to  the  decompofition 
of  pyrites. 

Some  eruptions  are  of  a  muddy  fubftance  ; 
and  thcfc  form  the  tufa,  and  the  puzzolano. 
The  eruption  which  buried  Herculaneum  is  of 
this  kind.  Hamilton  found  an  antique  head, 
whofe  impreflion  was  well  enough  preferved 
to  anfwer  the  purpofe  of  a  mould.  Hercula- 
neum, at  the  leaft  depth,  is  feventy  feet  under 
the  furface  of  the  ground,  and  often  at  one 
hundred  and  twenty. 

The  puzzolano  is  of  various  colours.  It  is 
ufually  reddifh ;  fometimes  gray,  white,  or 
green :  it  frequently  confiils  of  pumice  Hone 
in  powder ;  but  fometimes  it  is  formed  of  cal- 
cined clay.  One  hundred  parts  of  red  puzzo- 
lano afforded  Bergman,  filex  $$,  alumine  ao> 
lime  5,  iron  20. 

When  the  lava  is  once  thrown  out  of  the 
crater,  it  rolls  in  large  rivers  down  the  fide 
of  the  mountain  to  a  certain  diftan.ee,  which 
forms  the  currents  of  lava,,  the  volcanic  caufe- 
ways,  &c.  The  furface  of  the  lava  cools,  and 
forms  a  folid  cruft,  under  which  the  liquid  lava- 
flows.  After  the  eruption,  this  craft  fometimes 
remains,    and    forms    hollow  galleries,    which 

Mefii-s. 
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MefTrs.  Hamilton  and  Ferber  have  vifited  :  it 
is  in  thefe  hollow  places  that  the  fal  ammoniac, 
the  marine  fait,  and  other  fubftances,  fublime. 
A  lava  may  be  turned  out  of  its  courfe  by 
oppofing  banks  or  dikes  againfl  it :  this  was 
done  in  1669,  to  fave  Catania  ;  and  Sir  William 
Hamilton  propofed  it  to  the  king  of  Naples,  to 
preferve  Portici. 

The  currents  of  lava  fometimes  remain  fe- 
veral  years  in  cooling.  Sir  William  Hamilton 
obferved,  in  1769,  that  the  lava  which  flowed 
in  1766  was  ftill  fmoking  in  fome  places. 

When  the  current  of  lava  is  received  by 
water,  its  cooling  is  quicker  ;  and  the  mafe  of 
lava  fhrinks  fo  as  to  become  divided  into  thofe 
columns  which  are  called  bafaltes.  The  fa- 
mous Giants'  Caufeway  is  the  moft  aflonifhing 
effecT:  of  this  kind  which  we  are  acquainted 
with.  It  exhibits  thirty  thoufand  columns  in  front, 
and  is  two  leagues  in  length  along  the  fea  coaft. 
Thefe  columns  are  between  fifteen  and  fixteen 
inches  in  diameter,  and  from  twenty-five  to 
thirty  feet  long. 

The   bafaltes   are   divided   into   columns   of 

four,  five,  fix,  and  feven  fides.     The  empe'ror 

Vefpafian  made  an  entire  ftatue,  with  fixteen 

children,   out  of  a  fingle  column  of  bafaltes, 

Q  2  whichj 
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which  he  dedicated  to  the  Nile,  in  the  Temple 
of  Peace. 

Bafaltes  afforded  Bergman,  per  quintal,  filex 
56,  al limine  15,  lime  4,  iron  25. 

Lava  is  fometimes  fwelled  up  and  porous. 
The  lighter!:  is  called  pumice-ftone. 

The  fubrtances  thrown  out  by  volcanos  are 
not  altered  by  fire.  They  eject  native  fubftances, 
fuch  as  quartz,  cryftals  of  amethyft,  agate,  gyp- 
fum,  amianthus,  feld-fpar,  mica,fhells,  fchorl,&c. 

The  fire  of  volcanos  is  feldom  flrong  enough 
to  vitrify  the  matters  it  throws  out.  We  know 
only  of  the  yellowifh  capillary  and  flexible  glafs 
thrdwn  out  by  the  volcanos  of  the  ifland  of 
Bourbon  on  the  fourteenth  of  May  1766  (M. 
Commerfon),  and  the  lapis  gallinaceus  ejected 
by  Hecla.  Mr.  Egolfrjoufon,  who  is  employed 
by  the  Obfervatory  at  Copenhagen,  has  fettled 
in  Iceland,  where  he  ufcs  a  mirror  of  a  tele- 
fcope  which  he  has  made  out  of  the  black  agate 
of  Iceland. 

The  flow  operation  of  time  decompofcs  la- 
vas, and  their  remains  are  very  proper  for  ve- 
getation. The  fertile  ifland  of  Sicily  has  been 
every  where  volcanized.  I  obferved  feveral 
ancient  volcanos  at  prefent  cultivated  ;  and  the 
line  which  feparates  the  other  earths  from  the 
7  volcanic 
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volcanic  earth,  conftitutes  the  limit  of  vegetation. 
The  ground  over  the  ruins  of  Pompeia  is  highly 
cultivated.  Sir  William  Hamilton  confiders 
fubterranean  fires  as  the  great  vehicle  ufed  by 
nature  to  extract  virgin  earth  out  of  the  bowels 
of  the  globe,  and  repair  the  exhaufted  furface. 

The  decompofition  of  lava  is  very  flow. 
Strata  of  vegetable  earth,  and  pure  lava,  are 
occafionally  found  applied  one  over  the  other ; 
which  denote  eruptions  made  at  diflances  of 
time  very  remote  from  each  other,  fince  it  re- 
quires nearly  two  thoufand  years  before  lava 
receives  the  plough.  An  argument  has  been 
drawn  from  this  phenomenon  to  prove  the  anti- 
quity of  the  globe  :  but  the  filence  of  the  moft 
ancient  authors  concerning  the  volcanos  of 
our  kingdom,  of  which  we  find  fuch  frequent 
traces,  proves  that  thefe  volcanos  have  been  ex- 
tinguifhed  from  time  immemorial ;  a  circum- 
ltance  which  carries  their  exiftence  to  a  \ 
diftant  period.  Befides  this,  feveral  thoufand 
years  of  connected  obfervations  have  not  af- 
forded any  remarkable  change  in  Vefuvius  or 
Etna;  neverthelcfs,  tbefc  enormous  moun- 
tains are  all  volcanized,  and  confequently 
formed  of  ftrata  applied  one  upon  the  other. 
The  prodigy  becomes  much  more  flriking, 
when  we  obferve  that  all  the  furrounding  coun- 
&  3  try, 
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try,  to  very  great  diftances,  has  been  thrown  out 
of  the  bowels  of  the  earth. 

The  height  of  Vefuvius  above  the  level  of  the 
fea  is  three  thoufand  fix  hundred  and  fifty-nine 
fttt ;  its  circumference  thirty-four  thoufand 
four  hundred  and  forty-four.  The  height  of 
Etna  is  ten  thoufand  and  thirty-fix  feet;  and 
its  circumference  one  hundred  and  eighty  thou- 
fand. 

The  various  volcanic  producls  are  applicable 
to  feveral  ufes. 

1.  The  puzzolano  is  of  admirable  ufe  for 
building  in  the  water :  when  mixed  with  lime, 
it  fpeedily  fixes  itfelf ;  and  water  does  not  foften 
it,  for  it  becomes  continually  harder  and  harder. 
I  have  proved  that  calcined  ochres  afford  the 
fame  advantage  for  this  purpofe;  they  are 
made  into  balls,  and  baked  in  a  potter's  furnace 
in  the  ufual  manner.  The  experiments  made 
at  Sette,  by  the  commifiary  of  the  province, 
prove  that  they  may  be  fubflituted  with  the 
greatdl  advantage,  inftead  of  the  puzzolano  of 
Italy. 

2.  Lava  is  likewife  fufceptible  of  vitrifica- 
tion ;  and  in  this  fiate  it  may  be  blown  into 
opake  bottles  of  the  greatcft  lightnefs,  as  I  have 
done  at  Erepian  and  at  Alais.  The  very  hard 
lava,   mixed  in    equal   parts   with   wood    aihes 

and 
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and  foda,  produced  an  excellent  green  glafc. 
The  bottles  made  of  it  were  only  half  the 
weight  of  common  bottles,  and  much  llronger ; 
as  was  proved  by  my  experiments,  and  thofe 
which  Mr.  Joly  de  Fleury  ordered  to  be  made 
under  his  ad  mini  fixation, 

5.  Pumice  ftone  likewife  has  its  ufes  ;  it  is 
more  efpeciaily  ufed  to  polifh  moil  bodies 
which  are  fomewhat  hard.  It  is  employed  in 
the  mafs  or  in  powder,  according  to  the  in- 
tended purpofe.  Sometimes,  after  levigation, 
it  is  mixed  with  water  to  render  it  fofter. 


CHAP.         III. 

Concerning  the  Decompojition  of  Vegetables  in  the 
Bowels  of  the  Earth, 

HERBACEOUS  plants,  buried  in  the 
earth,  are  flowly  decompofed ;  but  the 
waters  which  filter  through  and  penetrate  them 
relax  their  texture.  The  falts  are  extracted  ; 
and  they  become  converted  into  a  ftratum  of 
blackifh  matter,  in  which  the  vegetable  texture 
Q4  is 
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is  frill  difcernible,  Thefe  ftrata  are  fometimes 
perceived  in  digging  into  the  earth.  But  this 
alteration  is  infinitely  more  perceptible  in  wood 
itfelf,  than  in  herbaceous  plants.  The  ligneous 
body  of  a  tree  buried  under  the  ground  becomes 
of  a  black  colour,  more  friable,  and  breaks 
fhort ;  the  fracture  is  mining ;  and  the  whole 
mafs  appears,  in  this  ftate,  to  form  an  uniform 
fubftance,  capable  of  the  fmeff.  polifh.  The 
wood  thus  changed  is  called  Jet.  In  the  envi- 
rons of  Montpellier,  near  St.  Jean  de  Cucule, 
feveral  cart  loads  of  trunks  of  trees  have  been 
dug  up,  whofe  form  was  perfectly  preferved,  but 
which  were  converted  into  jet.  I  have  myfelf 
found  a  wooden  peal  converted  into  jet.  In  the 
works  at  Nifmes  pieces  of  wood  were  found  en- 
tirely converted  into  the  flate  of  jet.  In  the 
neighbourhood  of  Vachery,  in  Gevaudan,  a  jet 
is  found,  in  which  the  texture  of  the  walnut- 
tree  is  very  difcernible.  The  texture  of  the 
beech  is  {ten  in  the  jet  of  Bofrup  in  Scania.  In 
Guelbre  a  forefT,  of  pines  has  been  difcovered 
buried  beneath  the  fand  ;  and  at  Beichlitz  two 
ftrata  of  coal  are  wrought,  according  to  Mr. 
Jars,  the  one  bituminous,  and  the  other  of  foflil 
wood.  I  preferve  in  the  cabinet  of  mineralogy 
of  Languedoc,  feveral  pieces  of  wood,  whofe  ex- 
ternal part  is  in  the  ftate  of  jet,  while  the  in- 
ternal 
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ternal  part  ftill  remains  in  the  ligneous  ftate ;  lb 
that  the  tranfition  from  the  one  to  the  other 
may  be  obferved. 

Jet  is  capable  of  receiving  the  mofl  perfect 
polifh.  It  is  made  into  toys,  fuch  as  buttons, 
fnufF-boxes,  necklaces,  and  other  ornaments. 
It  is  wrought  in  Languedoc,  near  Saint  Co- 
Jombe,  at  the  diftance  of  three  leagues  from 
Cartel naudray.  It  is  ground  down,  and  cut 
into  facets,  by  mills. 

Jet  foftens  in  the  fire,  and  bums  with  the 
emiflion  of  a  fetid  odour.  It  affords  an  oil 
which  is  more  or  lefs  black,  but  may  be  ren- 
dered colourlefs  by  repeated  diftillations  from 
the  earth  of  Muryiel. 


CHAP.        IV. 

Concerning  the  jicllon   of  Air  and  Heat   upon 
Vegetables. 

XT  J  HEN  heat  is  applied  to  a  vegetable  cx- 

pofed  to  the  air,  certain  phenomena  are 

produced,   which  depend  on  the  combination 

of 
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of  pure  air  with  the  inflammable  principles  of 

the  plant ;  and  this  is  combuftion. 

In  order  to  produce  a  commencement,  a 
heated  body  is  applied  to  the  dry  wood  which 
is  intended  to  be  fet  on  fire.  By  this  means 
the  principles  are  volatilized  in  the  fame  order 
as  we  have  pointed  out  in  the  preceding  article, 
A  fmoke  is  produced,  which  is  a  mixture  of  wa- 
ter, oil,  volatile  falts,  and  all  the  gafeous  pro- 
ducts which  refult  from  the  combination  of 
vital  air  with  the  feveral  principles  of  the  vege- 
table. The  heat  then  increafes  by  the  combi- 
nation of  the  air  itfelf,  becaufe  it  pafTes  to  the 
concrete  Hate :  and  when  this  heat  is  carried  to 
a  certain  point,  the  vegetable  takes  fire,  and  the 
combuftion  proceeds  until  all  the  inflammable 
principles  are  deflroyed. 

In  this  operation  there  is  an  ablbrption  of 
vital  air,  and  a  production  of  heat  and  light. 
The  combuftion  will  be  ftronger  in  proportion 
as  the  inflammable  principle  is  more  abundant, 
as  the  aqueous  principle  is  lefs  abundant,  as  the 
wood  is  more  reftnous,  and  as  the  air  is  purer 
and  more  con  den  fed. 

The  difent^agement  of  heat  and  light  is  more 
conftderablc,  accordingly  as  the  combination  of 
vital  air  is  ftronger  in  a  given  time. 

The  refidnes  of  combuftion  con  lift  of  fub- 

ftance? 
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fiances  which  are  volatilized,  and  fixed  fub- 
fia-nces ;  the  one  forms  the  foot,  the  other  the 
afhes. 

The  foot  partly  arifes  from  fubftances  imper- 
fectly burned,  decompofed  only  in  part,  which 
have  efcaped  the  action  of  vital  air.  Hence  it 
is  that  the  foot  may  be  burned  over  again :  and 
hence  likewife  it  is  that,  when  the  combuftion 
is  very  rapid  and  effectual,  there  is  no  percep- 
tible fmoke ;  becaufe  all  the  inflammable  mat- 
ter is  then  deflroyed,  £S  in  the  cylinder  lamps, 
violent  fires5<^cc. 

The  analyfis  of  foot  exhibits  an  oil  which 
may  be  extracted  by  din*  illation ;  a  refin  which 
may  be  taken  up  by  alcohol,  and  which  arifes 
either  from  the  imperfect  alteration  of  the  refin 
of  the  vegetable,  or  the  combination  of  vital  air 
with  the  volatile  oil.  It  likewife  affords  an 
acid,  which  is  often  formed  by  the  decompofl- 
tion  of  mucus;  and  it  is  this  acid,  of  great  utili- 
ty in  the  arts,  for  which  the  Academy  of  Stock- 
holm has  defcribed  a  furnace  proper  for  collect- 
it.  Soot  likewife  affords  volatile  falts,  fuch 
as  the  carbonate  of  ammoniac,  and  others.  A 
flight  portion  of  fibrous  matter  is  likewife  vola- 
tilized by  the  force  of  the  fire,  and  we  find  it 
again  in  the  foot. 

The  fixed  principle  remaining  after  combuf- 
tion, 
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tion,  forms  the  allies.  They  contain  ililts, 
earths,  and  metals,  of  which  we  have  already 
treated.  The  falts  are  fixed  alkalis,  fulphates, 
nitrates,  muriates,  &c.  the  metals  are  iron, 
gold,  manganefe,  &c.  and  the  earths  are  alu- 
mine,  lime,  filex,  and  magnefia. 


CHAR       V. 

Concerning  the  Aclion  of  Air  and  Water,  which 
determine  a  Commencement  of  Fermentation  that 
feparates  the  Vegetable  Juices  from  the  Ligneous 
Part. 

\%J  HEN  the  decompofition  of  vegetables 
is  facilitated  by  the  alternate  action  of  air 
and  water,  their  organization  becomes  deftroy- 
ed  ;  the  connection  between  the  various  princi- 
ples is  broken  ;  the  water  carries  away  the  juices, 
and  leaves  the  fibrous  fkeleton  naked,  fufficicnt- 
ly  co-herent,  and  fufficiently  abundant  in  cer- 
tain vegetables,  to  be  extracted  in  this  way. 
Hemp  is  prepared  in  this  manner.  The  abbe 
Rozier  attributes  the  advantage  of  watering  to 
the  fermentation  of  the  mucilaginous  part.  M. 

Prozet 
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Prozet  has  proved  that  hemp  contains  an  ex- 
tractive and  a  refinous  part ;  and  that  the  wa- 
tering destroys  the  former,  and  the  fecond  is 
detached  almoit  mechanically.  It  has  been  ob- 
ferved  that  the  addition  of  a  fmall  quantity  of 
alkali  favours  this  operation. 

Running  water  is  preferable  to  ftanding  wa- 
ter ;  becaufe  ftanding  water  keeps  up  and  de- 
velopes  a  Wronger  fermentation,  which  attacks 
the  ligneous  part.  It  has  been  obferved  that 
flax  prepared  in  running  water  is  whiter  and 
ftronger  than  that  which  is  prepared  in  (land- 
ing water.  The  ftagnant  water  has  likewife 
the  inconvenience  of  emitting  an  unpleafant 
fmell,  pernicious  to  the  animal  eeconomy. 
The  addition  of  alkali  corrects  and  prevents 
this  effect. 

In  the  dioccfe  of  Lodcve,  the  young  moots 
of  the  Spaniili  genet  are  prepared  by  a  very 
fimple  procefs.  It  is  fown  on  the  high  grounds, 
where  it  is  left  for  three  years ;  at  the  end  of 
which  time  the  fprigs  or  young  (hoots  are  cut, 
and  formed  into  bundles,  which  are  fold  from 
twelve  to  fifteen  fous  each.  The  firft  operation 
confifls  in  crufliing  them  with  a  beetle.  The 
following  day  they  arc  laid  in  a  running  flream, 
with  ilones  upon  them,  to  prevent  their  being 
waflied  away.  In  the  evening  they  are  taken  out, 
and  laid  in  a  heap  on  the  banks  of  the  river,  upon 

ftraw 
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ftraw  or  fern,  covering  them  with  the  fame,  an'dl 
loading  the  heap  with  floncs :  this  operation 
they  call  mettre  a  couvert.  Every  evening  they 
throw  water  on  the  heap.  At  the  end  of  eight 
days  they  open  the  mafs,  and  find  that  the  bark 
is  eafily  feparated  from  the  wood.  They  take 
the  packets,  one  after  the  other,  and  beat  and  rub 
them  fkongly  with  a  flat  ftone,  till  the  epider- 
mis of  the  extremities  is  well  cleared  off,  and 
the  whole  ftem  becomes  white.  It  is  then 
hung  to  dry ;  and  the  bark  which  was  feparated 
from  the  ligneous  fubftance,  is  carded  and  fpun, 
and  made  into  very  ufeful  cloth.  The  peafants 
are  acquainted  with  no  other  linen  for  cloths, 
facks*  fhirts,  &c.  Every  one  prepares  his  own, 
none  being  made  for  fale. 

The  genet,  genifta  juncca,  has  Iikewife  the 
advantage  of  affording  a  green  food  to  cattle 
during  the  winter ;  at  the  fame  time  that  it 
fupports  the  earth  by  its  roots,  and  prevents  its 
being  carried  down  into  the  valleys.  The  bark 
of  the  mulberry  tree  may  be  treated  in  the  fame 
manner.  Olive  de'Scrrcs  has  defcribed  a  good 
procefs  for  this  purpofe. 

It  is  the  fkelcton  formed  by  the  vegetable, 
fibre  only,  and  deprived  of  all  foreign  matter, 
which  is  ufed  to  make  cloth  ;  it  is  the  moft  in- 
corruptible principle  of  vegetation  :  and  when 
this  fibre,  being  converted  into  cloth,   can  no 

longer 
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longer  be  ufed  as  fuch,  it  is  fubjectcd  to  ex- 
treme divifion,  to  convert  it  into  paper.  The 
operations  for  this  purpofe  are  the  following : 
— The  rags  are  cleaned,  and  laid  in  water  to 
rot ;  after  which  they  are  torn  by  hooked  peflles 
moved  by  water :  the  fecond  peftles  under 
which  they  are  made  to  pafs,  are  not  armed 
with  hooks  like  the  firft,  but  merely  with  round 
nails :  the  third  are  of  wood  only.  By  this 
means  the  rags  are  converted  into  a  pafte,  which 
is  attenuated  ftill  more  by  boiling.  This  pafte 
is  received  in  wire  moulds,  dried,  and  forms 
blotting  paper.  Writing  paper  is  dipped  in 
fize,  and  fometimes  glazed. 


C   H   A   f,      VI. 

Concerning  the  Aclton  of  Air,  of  Heat,  and  of 
Water  upon  Vegetables, 

TT7 HEN  the  various  juices  of  vegetables 

are  diffufed  in  water,  and  the  action  of 

this  fluid  is  favoured  by  the  combined  action  of 

air 
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air  and  heat,  a  decomposition  of  thefe  juices 
enfues.  The  oxigenous  gas  may  be  confidered 
as  the  firft  agent  of  fermentation  :  it  is  afforded 
either  by  the  atmofphere,  or  by  the  water  which 
is  deebmpofed. 

It  was  from  an  obfervation  of  thefe  facts  that 
Becher  thought  himfelf  authorized  to  confider 
fermentation  as  a  kind  of  combuftion  : — "  Nam 
combuftio,  feu  calcinatio  per  fortem  ignem, 
licet  put  refaction  is  fpecies,  eidemque  analoga 
lit — fermentatio  ergo  definitur,  quod  fit  corporis 
denfioris  rarefactio,  particularumque  aercarum 
interpoiitio,  ex  quo  concluditur  debere  in  aere 
fieri,- nee  nimium  frigido  nee  nimium  calido,  ne 
partes  raribiles  expellantur,  in  aperto  tamen  vafe, 
vel  tantum  vacuo  ut  partes  rarefieri  queant ; 
nam  ftricta  clofura,  et  vafis  impletio,  fermenta- 
tionem  totaliter  impedit." — Becher,  Phyf.  Subft. 
f.  i.  15,  v.  cap.  1 1,  p.  313. 

The  conditions  neceflary  for  the  eftablifh- 
ment  of  fermentation  arc — 1.  The  contact  of 
pure  air.  2.  AnH^tain  degree  of  heat.  3.  A 
quantity  of  water  mo're~^5r»4fc£^  considerable, 
which  produces  a  difference  in  the  effect 

The  phenomena  which  eilentially  accompany 
fermentation  are — 1.  The  production  of  heat. 
2.  The  ablbrption  of  oxigenous  gas. 

Fermentation  may  be  affiftcd — i.By  increaf- 

ing 
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ihg  the   mafs  of  fermentable   matter.     2.   By 
ufing  a  proper  leaven. 

1.  By  increafing  the  fermentable  mafs,  the 
principles  on  which  the  air  muft  act  are  multi- 
plied ;  confequently  the  action  of  this  element 
is  facilitated  ;  more  heat  is  therefore  produced 
by  the  fixation  of  a  greater  quantity  of  air ;  and 
confequently  the  fermentation  is  promoted  by 
the  two  caufes  which  moll  eminently  maintain 
it,  heat  and  air. 

2.  Two  kinds  of  leaven  may  be  di fling uifhed. 
1.  Bodies  eminently  putrefcible,  the  addition  of 
which  haflens  the  fermentation.  2.  Thofe  which 
already  abound  with  oxigene,  and  which  confe- 
quently afford  a  greater  quantity  of  this  principle 
of  fermentation.  This  effect  is  produced  by  the 
inhabitants  of  the  banks  of  the  Rhyn,  by  throw- 
ing frefh  meat  into  the  vintage,  to  haflen  the 
fpirituous  fermentation  (Linne  Amoenit.  Acad. 
Diflert.  de  Genefi  Calculi)  :  and  fo  likewife  the 
Chincfc  throw  excrements  into  a  kind  of  beer, 
made  of  a  decoction  of  barley  and  oats.  And 
on  this  account  it  is  that  the  acids,  the  neutral 
1alts,  chalk,  rancid  oils,  and  the  metallic  calces, 
&c.  haflen  fermentation.  ' 

The  products  of  fermentation  have  caufed 
different  fpecies  to  be  diftinguiihed :  but  this 
variety  of  effects  depends  on  the  variety  of  prin- 

Vol.  III.  R  ciples 
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ciples  in  the  vegetable.  When  the  faccharine 
principle  predominates,  the  remit  of  the  fer- 
mentation is  a  fpirituous  liquor ;  when,  on  the 
contrary,  the  mucilage  is  mofl  abundant,  the 
product  is  acid  ;  if  the  gluten  be  one  of  the 
principles  of  the  vegetable,  there  will  be  a  pro- 
duction of  ammoniac  in  the  fermentation  :  {o 
that  the  fame  fermentable  mafs  may  undergo 
different  alterations,  which  always  depend  on 
the  nature  and  refpective  properties  of  the  con- 
ftituent  principles,  the  fufceptibility  of  change, 
&c.  Thus  a  faccharine  liquid,  after  having  un- 
dergone the  fpirituous  fermentation,  may  be  fub- 
jected  to  the  acid  fermentation,  by  the  decom- 
position of  the  mucilage  which  had  refifled  the 
firft  fermentation :  but  in  all  cafes  the  con- 
courfe  of  air,  water,  and  heat,  is  necefiary  to 
develop  fermentation.  We  (hall  therefore  con- 
fine ourfelves  to  the  examination  of  thefe  three 
agents:  1.  On  the  juices  extracted  from  vege- 
tables, and  diffufed  in  water,  which  conftitutes- 
the  fpirituous  and  acid  fermentations  :  2.  On  the 
vegetable  itfelf,  which  will  lead  us  to  the  for- 
mation of  vegetable  mould,  ochres,  &c. 


ARTI- 
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ARTICLE    I. 

Concerning  the  Spirituous  Fermentation  and  its 
Products. 

That  fermentation  is  diftinguifhed  by  the 
name  of  Spirituous,  which  affords  ardent  fpirit, 
or  alcohol,  as  its  producl  or  remit. 

It  may  be  confidered  as  a  fundamental  prin- 
ciple, that  no  fubftances  are  capable  of  this  fer- 
mentation but  faccharine  bodies.  Pure  fugar 
mixed  with  water  forms  taffia,  or  rum,  by  fer- 
mentation; and  we  find  this  principle  in  the  ana- 
lyfis  of  all  the  bodies  which  are  fufceptible  of  it. 

In  order  to  develop  this  fermentation,  there 
is  required,  1.  The  accefsof  air.  2.  A  degree  of 
heat  between  ten  and  fifteen  of  Reaumur. 
3.  The  divifion  and  expreffion  of  the  juice  con- 
tained in  the  fruits,  or  in  the  plant.  4.  A  mafs 
or  volume  fomewhat  confiderable. 

We  will  make  the  application  of  thefe  princi- 
ples to  the  fermentation  of  grapes.  When  thefe 
are  ripe,  and  the  faccharine  principle  is  deve- 
loped, they  are  then  prcflfed,  and  the  juice 
which  flows  out  is  received  in  veffels  of  a  pro- 
per capacity,  in  which  the  fermentation  appears, 
and  proceeds  in  the  following  manner  : — At 
Ra  th» 
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the  end  of  feveral  days,  and  frequently  after  a 
few  hours,  according  to  the  heat  of  the  atmo- 
fphere,  the  nature  of  the  grapes,  the  quantity  of 
the  liquid,  and  the  temperature  of  the  place  in 
which  the  operation  is  performed,  a  movement 
is  produced  in  the  liquor,  which  continually  in- 
creafes ;  the  volume  of  the  fluid  increafes  ;  it  he- 
comes  turbid  and  oily ;  carbonic  acid  is  difen- 
gagedj  which  tills  all  the  unoccupied  part  of  the 
vefiel,  and  the  temperature  rifes  to  the  1 8th  de- 
gree. At  the  end  of  feveral  days  thefe  tumul- 
tuous motions  fubfide,  the  mafs  falls,  the  liquor 
becomes  clearer,  and  is  found  to  be  lefs  faccha- 
rine,  more  odorant,  and  of  a  red  colour,  from 
the  reaction  of  the  ardent  fpirit  upon  the  colour- 
ing matter  of  the  pellicle  of  the  grape*. 

The  caufes  of  an .  imperfect  fermentation  are 
the  following:  i.  If  the  heat  be  too  little,  the 
fermentation  languifhes,  the  faccharine  and  oily 
matters  are  not  fufriciently  elaborated,  and  the 
wine  is  unctuous  and  fvveet. 

2.  If  the  faccharine  body  be  not  fufficiently 

*  Richardfon,  in  his  Treatife  on  Brewing,  infills  much  on 
the  difference  between  the  fpecific  gravity  of  the  fluid  before 
and  after  fermentation,  which  he  confiders  as  proportional  to 
the  ftrength  or  inebriating  quality  of  the  fluid.  Fermented 
liquors  have  a  lefs  fpecific  gravity  than  they  pofleffed  before 
the  fermentation.  This  circumitance  well  deferves  the  atten- 
tion of  the  manufacturer.     T. 

abundant, 
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abundant,  as  happens  in  rainy  feafons,  the  wine 
is  weak,  and  the  mucilage  which  predominates 
caufes  it  to  become  four  by  its  decompofition. 

3.  \i  the  juice  be  too  watery,  concentrated 
and  boiling  mult  is  added. 

4.  If  the  faccharine  principle  be  not  fufficicntly 
abundant,  the  defect:  may  be  remedied  by  the 
addition  of  fugar.  Macquer  has  proved  that 
excellent  wine  may  be  made  of  verjuice  and  fu- 
gar; and  Mr.  De  Bullion  has  made  wine  at 
Bellejames  with  the  verjuice  of  his  vine  rows  and 
moid  fugar. 

There  have  been  many  difputes  to  determine 
whether  grapes  fhould  be  prefled  with  the  Italics 
or  without.  It  feems  to  me  that  this  depends 
on  the  nature  of  the  fruit.  When  they  are  high- 
ly charged  with  faccharine  and  mucilaginous 
matter,  the  ftalk  corrects  the  infipidity  of  the 
wine  by  its  bitter  principle :  but  when,  on  the 
contrary,  the  juice  is  not  too  fweet,  the  ftalk 
renders  it  drier,  and  very  rough. 

The  wine  is  ufually  taken  out  of  the  ferment- 
ing veflels  at  the  pefiod  when  all  the  phenome- 
na of  fermentation  have  fubiided.  When  the 
mafs  is  fettled,  the  colour  of  the  liquor  is  well 
developed,  when  it  has  become  clear,  and  its 
heat  has  difappeared ;  it  is  put  into  calks, 
where,  by  a  fecond  infenfiblc  fermentation,  the 
R  3  wine 
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wine  is  clarified,  its  principles  combine  more 
perfectly  together,  and  its  tafle  and  fmell  become 
more  and  more  developed. 

If  this  fermentation  be  ftopped  or  fufFocated3 
the  gafeous  principles  are  retained,  and  the 
wine  is  brifker,  and  more  of  the  nature  of  mull. 
Becher  had  very  proper  ideas  of  the  effects  of 
thefe  two  fermentations. 

Diftinguitur  autem  interfermentationem  aper- 
tam  et  claufam  :  in  aperta  potus  fermentatus  fa- 
nior  eft,  fed  debilior ;  in  claufa  non  ita  fanus,  fed 
fortior :  caufa  eft  quod  evaporantia  rarefacta  corr 
pufcula  imprimis  magna  adhuc  filveftrium  fpi- 
rituum  copia,  de  quibus  antea  egimus,  retineatur, 
et  in  ipfum  potum  fe  precipitet,  unde  valde 
cum  fortem  reddit.  Becher,  Phyf.  Subt.  lib.  r} 
v.  V.  cap.  1 1,  p.  313. 

It  appears,  from  the  interefting  experiments  of 
the  Marquis  de  Bullion,  that  the  vinous  fermen- 
tation docs  not  take  place  unlefs  tartar  be  prefent. 

By  evaporating  the  muft  of  grapes,  a  fait  is 
obtained,  which  has  the  appearance  of  tartar, 
and  forms  fait  of  Seignette  with  the  alkali  of 
foda.  A  large  quantity  of  fugar  is  alfo  obtained. 
For  this  purpofe  the  tartar  is  firft  to  be  extract- 
ed ;  after  which,  the  muft  having  evaporated  to 
the  confidence  of  a  thick  fyrup,  is  to  be  left  for 
fix   months  in  a  cellar.     At  the  expiration  of 

this 
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this  time,  the  fugar  is  found  in  a  confufed  ftate 
of  cryftallization ;  and  this  being  warned  with 
fpirit  of  wine,  to  carry  off  the  colouring  part, 
becomes  very  fine  and  pure. 

Wine  deprived  of  its  tartar  ferments  no  more, 
and  the  fermentation  is  in  proportion  to  the 
abundance  of  the  tartar.  Cream  of  tartar  pro- 
duces the  fame  effect. 

It  appears  that  thefe  falts  act  only  as  leavens, 
to  facilitate  the  decompofrtion  of  the  faccharine 
principle. 

The  juice  of  grapes  is  not  the  only  vegetable 
v  fluid  fufceptible  of  the  fpirit uous  fermentation. 
Apples  contain  a  juice  which  eaflly  ferments, 
and  produces  cyder.  Wild  apples  are  ufually 
employed  for  this  purpofe.  Thefe  are  bruifed, 
and  the  juice  preffed  out,  which  ferments,  and 
exhibits  the  fame  phenomena  as  the  juice  of 
grapes. 

In  order  to  have  cyder  fine,  it  is  to  be  decant- 
ed off  the  lees  as  foon  as  the  tumultuous  fermen- 
tation has  fublided,  and  it  begins  to  be  clear. 
Sometimes,  in  order  to  render  it  milder,  a  cer- 
tain quantity  of  the  juice  of  apples  recently  cx- 
preffed  is  added,  which  produces  a  fecond  fer- 
mentation in  the  cyder  lefs  ilrong  than  the  firft. 
The  cyder  which  is  left  to  fiand  on  the  lees 
acquires  ftrength  by  that  mean*:.  Cyder  affords 
the  fame  products  as  wine;  but  the  brandy  ob- 
R  4  tained 
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tained  from  it  has  a  difagreeable  flavour,  becaufe 
the  mucilage,  which  is  very  abundant  in  the  cy- 
der, is  altered  by  the  aclion  of  the  heat  of  dis- 
tillation. But  if  it  be  cautioufly  diftilled,  it  af- 
fords excellent  brandy,  according  to  the  experi- 
ments of  M.  Darcet. 

The  juice  of  the  harfheft  kind  of  pears  af- 
fords, by  fermentation,  a  kind  of  cyder  called 
Perry. 

Cherries  likewife  afford  a  tolerably  good  wine; 
and  a  kind  of  brandy  is  obtained  from  them, 
which  the  Germans  call  KirchenwafTer. 

In  Canada  the  fermentation  of  the  faccharine 
juice  of  the  maple  affords  a  very  good  liquor  ; 
and  the  Americans,  by  fermenting  the  im- 
pure fyrups  of  fugar  with  two  parts  of  water, 
form  a  liquor  which  affords  the  fpirit  called 
Taffia,  or  Rum,  by  the  Englifh. 

A  drink  called  Beer  is  likewife  prepared  with 
certain  grain  ;  fuch  as  wheat,  oats,  and  barley  ; 
but  more  efpecially  with  the  latter.  1.  The 
grain  is  made  to  fprout  or  vegetate,  by  fieeping 
it  in  water,  and  placing  it  in  a  heap.  By  this 
means  the  glutinous  principle  is  deftroyed.  2. 
It  is  torrefied  or  ftoved,  to  flop  the  progrefs  of 
the  fermentation,  and  fit  it  for  the  mill.  3.  It 
is  fifted,  to  feparate  the  fprouts  or  radicles.  4. 
It  is  ground  into  a  very  coarfe  flour,  named 
Malt.     5.  The  malt  is  infufed  in  hot  water,  in 

the 
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the  mafh-tub.  This  diflblves  the  fugar  and  the 
mucilage,  and  is  called  the  firft  wort.  It  is 
then  drawn  off,  heated,  and  again  poured  on  the 
malt,  which  forms  the  fecond  wort*.  6.  This 
infufion,  or  wort,  is  boiled  with  a  certain  quan- 
tity of  hops,  which  communicate  an  extractive 
refinous  principle  to  it.  7.  An  acid  leaven,  or 
ferment,  is  added,  and  it  is  poured  into  a  cooler, 
where  it  undergoes  the  fpirituous  fermentation. 
When  the  fermentation  has  fubfided,  it  is 
ftirred,  and  put  into  calks,  where  it  continues 
to  ferment,  and  throws  off  a  frothy  fcum  by 
the  bung,  which  becomes  four,  and  ferves  as  a 
ferment  for  future  brewings,  under  the  name 
ofYeaft. 

The  product  of  all  the  fubftances  is  a  liquor 
more  or  lefs  coloured,  capable  of  affording  ar- 
dent fpirit,  by  diftillation,  of  an  aromatic  and 
refinous  fmell,  a  penetrating  hot  tafte,  which 
ftimulates  the  action  of  the  fibres. 

Wine  is  an  excellent  drink,  and  is  alfo  ufed 
as  the  vehicle  of  certain  medicines.  Such  are — 1. 
The  emetic  wine,  which  is  prepared  by  digefting 

% 
*  In  our  breweries  this  practice  is  only  ufed  for  double 
ales :  and  the  ftrengths  in  other  cafes  are  regulated  by  the 
number  of  times  the  fame  malt  is  wetted,  and  the  time  of  in- 
fufion.    The  third  mafhing  aiFords  fmall  beer.     T. 

two 
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two  pounds  of  good  white  wine  on  four  ounces 
of  the  crocus  metallorum:  2.  Chalybeated  wine, 
made  by  digefiing  one  ounce  of  fleel  filings  in 
two  pounds  of  white  wine:  3.  The  wines  in 
which  plants  are  infufed ;  fuch  as  wormwood, 
forrel,  and  the  liquid  laudanum  of  Sydenham, 
which  is  made  by  digefiing  for  feveral  days  two 
ounces  of  Diced  opium,  one  ounce  of  faffron, 
one  dram  of  pounded  cinnamon  and  of  cloves, 
in  one  pound  of  Spanifh  wine. 

We  fhall  proceed  to  examine  the  conftituent 
principles  of  thefe  fpirituous  liquors,  by  taking 
that  of  grapes  for  an  example.  The  moment 
the  wine  is  in  the  cafk,  a  kind  of  analyfis  takes 
place,  which  is  announced  by  the  fcparation  of 
fome  of  its  conflituent  principles ;  fuch  as  the 
tartar  which  is  dcpofitcd  at  the  fides,  and  the 
lees  which  are  precipitated  to  the  bottom :  fo 
that  there  remain  only  the  ardent  fpirit  and  the 
colouring  matter  difFufed  in  a  volume  of  liquid, 
which  is  more  or  lefs  confiderablc. 

1.  The  colouring  principle  is  of  a  reiinous  na- 
ture, and  is  contained  in  the  pellicle  of  the  grape; 
and  the  fluid  is  not  coloured  until  the  wine  is 
formed ;  for  until  then  there  is  nothing  which 
can  diflblve  it :  and  hence  it  is  that  white  wine 
may  be  made  of  red  grapes,  when  the  juice  of  the 
grape  is  expreffed,  and  the  hufk  thrown  away. 

If 
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If  wine  be  evaporated,  the  colouring  princi- 
ple remains  in  the  refidue,  and  may  be  extract- 
ed by  fpirit  of  Wine. 

Old  wines  lofe  their  colour,  a  pellicle  being 
precipitated,  which  is  either  depofited  on  the 
fides  of  the  bottles,  or  falls  to  the  bottom.  If 
wine  be  expofed  to  the  heat  of  the  fun  during 
the  fummer,  the  colouring  matter  is  detached  in 
a  pellicle,  which  falls  to  the  bottom  ;  when  the 
veffel  is  opened,  the  difcolouring  is  more  fpeedy, 
and  it  is  effected  in  two  or  three  days  during  the 
fummer.  The  wine  thus  deprived  of  its  colour 
is  not  perceptibly  weakened. 

fi.  Wine  is  ufually  decompofed  by  diftillation  : 
and  the  firft  product  of  the  operation  is  known 
by  the  name  of  Brandy. 

JBrandies  have  been  made  fince  the  thirteenth 
century  :  and  it  was  in  Languedoc  where  this 
commerce  firft  originated.  Arnauld  de  Ville- 
neuve  appears  to  have  been  the  author  of  this 
difcovery.  The  alembics  in  which  wine  was 
diiiilled  confifted  for  a  long  time  of  a  kind  of 
boiler,  furmounted  with  a  long  cylindric  neck, 
very  narrow,  and  terminating  in  a  hollow  he- 
mifphcre,  in  which  the  vapours  were  condenfed. 
To  this  fmall  capital  was  adapted  a  narrow  tube, 
to  convey  the  fluid  into  the  ferpentine  or  worm 
pipe.     This  diflillatory  apparatus  has  been  fuc- 

ceilivcly 
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ceffively  improved.  The  column  has  been  con- 
fiderably  lowered  ;  and  the  ftills  generally  adopt- 
ed for  the  diftillation  of  wines  iri  Languedoc  are 
nearly  of  the  following  form.  The  body  of 
the  full  is  flat  at  bottom,  and  the  fides  rife 
perpendicularly  to  the  height  of  twenty-one 
inches.  At  this  height  the  fides  incline  in- 
wards, fo  as  to  diininifh  the  opening  to  twelve 
inches.  This  opening  ends  in  a  neck  of  feveral 
inches  long,  which  receives  the  bafis  of  a  fmall 
covering  called  the  head,  which  approaches  to 
the  figure  of  an  inverted  cone.  From  the  an- 
gle of  the  upper  bafe  of  the  capital,  there  ifilies 
a  fmall  beak,  intended  to  receive  the  vapours 
of  brandy,  and  tranfmit  them  into  the  worm- 
pipe  to  which  it  is  adapted.  This  worm-pipe 
has  five  or  fix  turns,  and  is  placed  in  a  Uib, 
■which  is  kept  filled  with  cold  water,  to  con- 
denfe  the  vapours. 

The  body  of  the  ftill  is  ufually  furrounded 
by  the  mafonry  as  high  as  the  neck,  and  the  bot- 
tom only  is  expofed  to  the  immediate  action  of 
the  fire.  An  afh-hole,  which  is  too  fmall,  a  fire- 
place large  enough,  and  a  chimney  placed  op- 
polite  the  door  of  the  fire-place,  conftitute  the 
furnaces  in  which  thefe  ftills  are  fixed. 

The  ftill  is  charged  with  between  five  and 
fix  qui*  tals  of  wine;  the  diftillation  is  made  in 

eight 
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eight  or  nine  hours  ;  and  from  fixty  to  feventy- 
fivc  pounds  of  pit-coal  is  confumed  in  each  dis- 
tillation. 

Every  judicious  perfon  muft  be  aware  of  the 
imperfection  of  this  apparatus.  Its  principal 
faults  are  the  following : 

1 .  The  form  of  the  body  is  fuch  as  to  con- 
tain a  column  of  wine  of  confiderable  height 
and  little  breadth,  which  being  acted  on  by  the 
fire  at  its  bale,  is  burned  at  that  part  before  the 
upper  part  is  heated. 

2.  The  contraction  of  the  upper  part  renders 
the  diftillation  more  difficult  and  flow.  In  fact, 
this  inclined  part  being  continually  (truck  by 
the  air,  condenfes  the  vapours,  which  inceflant- 
ly  return  into  the  boiler.  It  likewifc  oppofes 
the  free  pafTage  of  the  vapours,  and  forms  a 
kind  of  eolipile,  as  Mr.  Baume  has  obferved ; 
fo  that  the  vapours,  being  compreffed  at  this 
narrow  neck,  react  on  the  wine,  and  oppofe  its 
further  afrent. 

3.  The  capital  is  not  conftructed  in  a  more 
advantageous  manner.  The  upper  part  be- 
comes of  the  fame  temperature  as  the  vapours, 
which  cannot  therefore  be  condenfed,  and,  by 
their  reaction,  either  fufpend  or  retard  the  dif- 
tillation. 

4.  In 
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4.  In  addition  to  this  imperfect  form  of  the  ap- 
paratus, is  joined  the  moft  difadvantageous  me- 
thod of  adminiftering  the  fire.  The  afh-hole  is 
every  where  much  contracted  ;  the  fire-place  is 
very  large,  and  the  door  fhuts  badly.  In  con- 
fequence  of  this,  a  current  of  air  paries  between 
the  combuftible  matter  and  the  bottom  of  the 
ftill,  and  the  flame  is  driven  into  the  chimney, 
without  being  turned  to  advantage.  A  violent  fire 
is  therefore  required  to  heat  the  ftove  only  to  a 
moderate  degree,  in  this  defective  conftruclion. 
Several  other  degrees  of  perfection  have  been 
fucceffively  obtained  in  the  manufactories  of 
Mr.  Joubcrt :  but  I  have  judged  it  poffible  to 
add  ftill  more  to  what  was  known ;  and  the 
following  are  the  principles  I  fct  out  from. 

The  whole  art  of  diftillation  is  reduced  to 
the  two  following  principles: — 1.  The  vapours 
ought  to  be  difengaged,  and  raifed  in  the  moft 
economical  manner :  1.  And  their  condenfa- 
tion  ought  to  be  as  fpeedy  as  poffible. 

To  anfwer  the  firfl  of  thefe  conditions,  it  is 
neceflary  that  the  boiler  fhould  prefent  the 
largeft  poffible  furface  to  the  fire,  and  that  the 
heat  fhould  be  every  where  equally  applied. — • 
2.  The  fecoftd  condition  requires  that  the  af- 
cent  of  the  vapours  fhould  not  be  impeded,  and 

thai 
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that  they  fhould  ftrike  againft  cold  bodies, 
which  fhall  rapidly  condenfe  them. 

The  ftills  which  I  have  conftrucled  upon 
thefe  principles  are  more  broad  than  high ;  the 
bottom  is  concave,  in  order  that  the  fire  may 
be  nearly  at  an  equal  diftance  from  all  the 
points  of  its  furface ;  the  fides  are  elevated  per- 
pendicularly in  fuch  a  manner  that  the  body 
exhibits  the  form  of  a  portion  of  a  cylinder ;  and 
this  body  is  covered  with  a  vafi  capital,  fur- 
rounded  by  its  refrigeratory.  This  capital  has  a 
groove,  or  channel,  projecting  two  inches  at  its 
lower  part  within  :  the  fides  have  an  inclination 
of  fixty-nve degrees;  becaufe  I  have  afcertained 
that,  at  this  degree,  a  drop  of  brandy  will  run 
along  without  falling  again  into  the  ftill.  The 
beak  of  the  capital  is  as  high  and  as  wide  as 
the  capital  itfelf,  and  infenfibly  diminifhes  till  it 
comes  to  the  worm-pipe  itfelf.  The  refrigeratory 
accompanies  the  beak,  or  neck,  and  has  a  cock  at 
its  further  end,  which  fuffers  the  water  to  run 
out,  while  its  place  is  fupplied  by  other  cold  wa- 
ter, which  inceflantly  flows  in  from  above. 

When  the  water  of  the  refrigeratory  begins  to 
be  warm,  a  cock  is  then  opened,  that  it  may  ef- 
eape  in  proportion  as  it  is  more  plentifully  fup- 
plied from  above.  By  this  means  the  water  is 
kept  at  an  equal  temperature,  and  the  vapours 
7  which 
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which  flrike  againft  the  fides  of  the  head  are 
condenfed,  at  the  fame  time  that  thole  which 
rife  fuffer  no  obftacle,  as  they  are  fubjecled  to 
no  contraction  of  fpace.  In  this  conftrudlion, 
the  worm-pipe  may  be  almoft  difpenfed  with, 
becaufe  the  water  in  the  worm-tub  does  not 
become  perceptibly  heated. 

Thefe  proceedings  are  very  economical  and 
advantageous ;  for  the  quality  of  the  brandy  is 
better,  and  the  quantity  is  larger. 

The  diftillatiori  of  the  wine  is  kept  up  until 
the  product  is  no  longer  inflammable.  This 
brandy  is  put  into  calks,  when  it  becomes  co- 
loured by  the  extraction  of  a  refinous  prin- 
ciple contained  in  the  wood. 

The  wine  of  our  climates  affords  one-fifth  or 
one- fourth  of  brandy,  of  the  proof  ftrcngth  of 
commerce. 

The  diftillation  of  brandy  by  a  more  mode- 
rate heat  affords  a  more  volatile  fluid,  called 
Spirit  of  Wine,  or  Alcohol.  To  make  common 
fpirit  of  wine,  brandy  is  taken  and  diftilled  on 
a  water  bath  by  diftillation  *.      This  fpirit  of 

wine 

*  The  ardent  fpirit  fold  in  London  by  the  name  of  Spirit 
of  Wine,  or  Lamp  Spirit,  is  made  by  the  rectifiers  of  malt  and 
melaffes  fpirit  in  London,  by  diftillation  of  the  refidues  of 
their  compounded  fpirits.  It  is  pretty  conftantly  of  the  fpecifis 

gravity 
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wipe  may  be  purified  and  rectified  by  fubfe- 
quent  dillillations,  and  taking  only  the  firfl  por- 
tions which  come  over. 

Alcohol  is  a  very  inflammable  and  very  vo- 
latile fubftance.  It  appears  to  be  formed  by 
the  intimate  union  of  much  hydrogene  and  car- 
bone,  according  to  the  analyfis  of  Mr.  La- 
voifier.  This  fame  chemift  obtained  eighteen 
ounces  of  water  by  burning  one  pound  of  alco- 
hol. If  well-dephlegmated  alcohol  be  digefted 
upon  calcined  potafb,  and  afterwards  diftilled, 
a  very  fwcet  alcohol  is  obtained,  and  a  fapo- 
naceous  extract,  which  affords  alcohol,  ammo- 
niac, and  an  empyreumatic  oil.  In  this  expe- 
riment, the  formation  of  volatile  alkali  appears 
to  arife  from  the  combination  of  the  hydrogene 
of  the  alcohol  with  the  nitrogene  of  the  pot- 
afh. 

There  are  various  methods  ufed  in  the  arts  to 
judge  of  the  degree  of  concentration  of  fpirit  of 
wine.  Gunpowder  is  put  into  a  fpoon,  and  moift- 
ened  with  fpirit  of  wine,  which  is  fet  on  fire:  if 
the  powder  takes  fire,  the  fpirit  is  confidered  to  be 

gravity  of  0,845  at  the  temperature  of  60  Fahrenheit ;  and 
may,  by  very  careful  rectification,  be  brought  nearly  up  to 
0,820.  Dry  alkali  deprives  it  of  more  of  its  water.  On  the 
fubieft  of  the  ftrength  of  fpirits,  confult  Blagden  in  Phil. 
Tranf.  vol.  Ixxxi.    T. 

Vol.  III.  S  good; 
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good  ;  but  the  contrary,  if  this  effect  does  not 
take  place.  But  this  method  is  fallacious,  be- 
caufe  the  effect  depends  on  the  proportion  in 
which  the  fpirit  of  wine  is  ufed :  a  fmall  quan- 
tity always  inflames  the  powder ;  and  a  ftrong 
dofe  never  produces  this  effect,  becaufe  the  wa- 
ter which  remains  foaks  into  the  powder,  and 
defends  it  from  the  combuftion. 

The  areometer  of  Mr.  Baume  is  not  to  be 
depended  on  ;  becaufe,  in  the  ufe  of  it,  no  ac- 
count is  kept  of  the  temperature  of  the  atmo- 
fphere,  which,  by  changing  the  denfity  of  the 
fpirit  of  wine,  is  productive  of  a  change  in  the 
remit  as  given  by  this  inftrument.  That  of  Mr. 
Bories  is  more  accurate,  becaufe  the  thermome- 
ter is  adapted  to  it ;  and  it  is  now  ufed  in  com- 
merce. 

Alcohol  is  the  folvent  of  refins,  and  of  mofl 
aromatic  fubftances  ;  and  confequently  it  forms 
the  bafis  of  the  art  of  the.varnifher  and  of  the 
perfumer. 

Spirit  of  wine  combined  with  oxigene  forms 
a  liquor  nearly  infoluble  in  water,  which  is 
called  Ether. 

Ether  has  been  formed  with  mofl  of  the 
known  acids. 

The  molt  ancient  of  all   is  the  vitriolic  or 

fulphuric  ether.     To  make  this,  a  certain  quan- 

8  tity 
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tity  of  alcohol  is  put  into  a  retort,  and  an  equal 
weight  of  concentrated  fill  ph uric  acid  is  gradu- 
ally added,  The  mixture  is  fhaken  and  agi- 
tated, to  prevent  the  retort  from  breaking  by  the 
partial  effect  of  the  heat  which  arifes.  The  retort 
is  then  placed  on  a  heated  fand  bath,  a  receiver 
is  adapted,  and  the  mixture  js  heated  to  ebulli^ 
tion.  Alcohol  firft  pafles  over;  foon  after  which, 
ftreams  of  fluid  appear  in  the  neck  of  the  retort, 
and  within  the  receiver,  which  denote  the  rifing 
of  the  ether.  Its  fmell  is  agreeable.  Vapours 
of  fulphureous  acid  fucceed  the  ether  ;  and  the 
receiver  mull  be  taken  away  the  moment  they 
appear.  If  the  diftillation  be  continued,  ful- 
phureous ether  is  obtained,  and  the  oil  which 
is  called  Etherial  Oil,  or  the  fweet  oil  of  wine  ; 
and  that  which  remains  in  the  retort  is  a  mixture 
of  undecompofed  acid,  fulphur  and  a  matter  re- 
fembling  bitumens. 

We  fee  that  in  this  operation  the  fulphuric 
acid  is  decompofed  ;  and  that  the  oxigene,  by 
combining  with  the  hydrogene  and  the  carbone 
of  the  alcohol,  has  formed  three  ftates,  which 
we  alfo  find  in  the  diftillation  of  fome  bitu- 
mens— 1.  A  very  volatile  oil  or  ether.  2.  Etherial 
oil.     3.  Bitumen. 

If  the  fulphuric  acid  be  digefted  upon  ether, 
it  converts  the  whole  gradually  into  etherial  oil. 
S  2  When 
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When  the  ether  is  mixed  with  mlphurcous 
vapours,  it  mutt  be  rectified  by  a  gentle  heat ; 
a  few  drops  of  alkali  being  firil  poured  in,  to 
combine  with  the  acid. 

Sulphuric  ether  may  be  made  very  (Economi- 
cally, by  ufing  a  leaden  ftill  with  a  head  of 
copper  well  tinned.  In  this  way  I  prepare  it  by 
the  quintal  without  any  difficulty. 

Mr.  Cadet  has  propofed  to  pour  on  the  refi- 
due  of  the  retort  one  third  part  of  good  alco- 
hol, and  to  diftil  it  in  the  ufual  way. 

Ether  is  very  light,  very  volatile,  and  of  a 
pleafant  fmell.  It  is  fo  eafily  evaporated,  that 
if  a  fine  rag  be  itceped  in  this  liquor,  then 
Wrapped  round  the  ball  of  a  thermometer,  and 
the  inftrument  be  agitated  in  the  air,  the  thermo- 
meter finks  to  the  freezing  point  *. 

Ether 

*  Mr.  Cavallo  has  defcribed,  in  the  Philofophfcal  Tranf. 
for  1781,  a  pleafing  experiment  of  freezing  water  by  means 
of  ether.  The  ether  is  put  into  a  vial  fo  as  not  completely  to 
fill  it ;  and  in  the  neck  of  this  vial  is  fitted,  by  grinding,  a  tube 
whofe  exterior  end  is  drawn  out  to  a  capillary  finenefs. 
Whenever  the  bottle  thus  (lopped  is  inverted,  the  ether  is 
urged  out  of  the  tube  in  a  fine  flream,  in  confequence  of  the 
preffure  exerted  by  -the  elaftic  etherial  vapour  which  oc- 
cupies the  fuperior  fpace  of  the  bottle.  This  ftream  is  di- 
rected on  the  outfide  of  a  fmall  glafs  tube  containing  water, 
which  it  fpeedily  cools  down  to  the  freezing  point ;  at  which 
inftaftt  the  water  becomes  fuddenly  opakc,  in  confequence  of 

the 


Formation  of  E tier.  261 

Ether  eafily  burns,  and  exhibits  a  blue  flame. 
It  is  very  fparingly  lbluble  in  water. 

Ether  is  an  excellent  antifpafmodic.  It  mi- 
tigates pains  of  the  colic  as  if  by  enchantment, 
as  it  does  likewife  external  pains.  The  cele- 
brated Bucquet  had  accuftomed  himfelf  lb  much 
to  this  drink,  that  he  took  two  pints  per  day  : 
a  rare  example  of  the  power  of  habit  on  the 
conftitution. 

The  mixture  of  two  ounces  of  fpirit  of  wine, 
two  ounces  of  ether,  and  twelve  drops  of  ethe- 
rial  oil,  forms  the  anodyne  liquor  of  Hoffman. 

Meflrs.  Navier,  Woulfe,  Laplanche,  Bogue, 
and  others,  have  defcribed  various  procefles 
for  making  nitric  ether,  which  are  more  or  lets 
eafily  imitated.  For  my  part,  I  take  equal 
parts  of  alcohol,  and  nitric  acid  of  commerce,  of 
the  itrength  of  between  thirty  and  thirty-five 
degrees.  I  put  the  whole  into  a  tubulated  re- 
tort, which  I  fit  to  a  furnace,  and  adapt  two  re- 
ceivers one  fucceeding  the  other.  The  firft  re- 
ceiver is  immerfed  in  a  vcfiel  of  water.  The 
fecond  is  furrounded  by  a  wet  cloth  :  and  a  fi- 
phon  communicates  from  its  tubulure  to  a  vef- 
lcl  of  water  in  which  it  is  plunged.     When  the 

the  icy  cryftallization.  If  a  bended  wire  be  previoufly  im- 
merfed in  the  water,  it  may  afterwards  be  drawn  out,  and  the 
ice  along  with  it.     T\ 

S  x  heat 
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heat  has  penetrated  the  mixture,  much  vapours 
are  difengaged,  which  are  condenfed  in  ftriae, 
on  the  internal  furfaccs  of  the  receivers,  whofe 
external  furface  is  kept  conftantly  cold.  The 
ether  which  I  obtain  is  very  pure  and  very 
abundant  *. 

When  the  precaution  of  diflilling  it  properly 
is  attended  to,  this  ether  becomes  nearly  fimilar 
to  the  vitriolic.  Meflrs.  cie  Laflbne  and  Cornette 
have  obferved- that  it  was  more  fedative.        f 

The  dillillation  of  the  muriatic  acid  with  al- 
cohol produces  only  a  mixture  of  thefe  two  li- 
quors, which  is  called  the  Dulcified  Muriatic 
Acid. 

Before  the  theory  of  ethers,  and  the  fimple 
procefs  of  combining  a  furplus  of  oxigene  with 
the  muriatic  acid,  were  known,  methods  were 

*  The  ingenious  author  has  forgotten  to  caution  the  inexpeT 
rienced  chemift  againft  the  danger  of  mixing  thefe  two  liquors. 
The  nitrous  acid  maft  be  very  gradually  added  to  the  fpirit  of 
wine,  by  fmall  portions  at  a  time.  It  is  faid,  and  with  reafon,  to, 
be  of  great  importance,  that  the  nitrous  acid  be  added  to  the 
fpirit,  and  not  the  fpirit  to  the  acid  :  for,  in  this  laft  cafe,  the 
mixture  will,  during  the  greateft  part  of  the  time  of  the  ope- 
ration of  combining  the  fluids,  confift  of  a. large  portion  of 
acid,  with  a  fmaller  portion  of  fpirit ;  whereas,  where  the  con- 
trary  method  is  adopted,  the  proportion  of  fpirit  will  always 
be  greater  than  that  of  the  acid,  until  the  laft  quantity  of 
acid  is  added.     T. 

invented 
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invented  to  procure  the  muriatic  acid ;  but  fub- 
ftances  were  always  made  ufe  of  in  which  the 
muriatic  acid  was  oxigenated.  In  this  manner 
it  was  that  the  baron  de  Bornes  propofed  the 
concentrated  muriate  of  zinc,  mixed  and  diftil- 
led  with  alcohol  ;  and  that  the  marquis  de 
Courtanvaux  diftilled  the  mixture  of  a  pint  of 
alcohol  with  two  pounds  and  a  half  of  the  fu- 
ming muriate  of  tin. 

The  theory  of  the  formation  of  ether  has  in 
our  time  led  to  fimpler  procefR  . 

Mr.  Pellctier  introduces  a  mixture  of  eight 
ounces  of  manganefe,  and  a  pound  and  a  half 
of  the  muriate  of  foda,  in  a  large  tubulated  re- 
tort; twelve  ounces  of  fulphuric  acid,  and  eight 
ounces  of  alcohol,  are  afterwards  added.  Diftil- 
lation  is  then  proceeded  on  ;  and  ten  ounces  of 
a  very  etherial  liquor  arc  obtained,  from  which 
four  ounces  of  good  ether  arc  afforded  by  diftil- 
lation  and  rectification. 

The  very  concentrated  muriatic  acid,  diftilled 
from  manganefe  in  the  apparatus  of  Woulfe,  af- 
fords more  ether.  It  is  even  fufficient,  for  this 
purpofe,  to  pafs  the  oxigenated  muriatic  acid 
through  good  alcohol,  to  convert  it  into  ether. 

This  muriatic  ether  has  the  greater!:  analogy 
with  the  fulphuric.  It  differs  from  it  in  two 
characters   only — 1.    It   emits,   in   burning 
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fmell  as  penetrating  as  that  of  the  fulphuric  acid. 

2.  Its  tafle  is  ftyptic,  refcmbling  that  of  alum. 

From  thefe  experiments  it  is  evident  that 
ether  is  merely  a  combination  of  alcohol  with 
the  oxigcne  of  the  acids  made  ufe  of.  I  have 
even  obtained  an  cthcrial  liquor  by  repeated 
diftillations  of  good  alcohol  from  the  red  oxide 
of  mercury. 

The  idea  of  Maequer,  who  considered  ether 
as  fpirit  of  wine  dephlegmated,  or  deprived 
of  water,  had  little  foundation  :  for  the  distil- 
lation, of  the  fpirit  of  wine  from  the  moft  con- 
centrated or  dricft  alkali,  never  affords  any 
thing  but  fpirit  of  wine  more  or  lefs  dephleg- 
mated. 

Concerning  Tartar. 

Tartar  is  depofited  on  the  fides  of  calks 
during  fermentation  :  it  forms  a  lining  more 
or  lefs  thick,  which  is  feraped  off.  This  is  called 
crude  tartar,  and  is  fold  in  Languedoc  from 
ten  to  fifteen  liyr.es  the  quintal. 

All  wines  do  not  afford  the  fame  quan- 
tity of  tartar.  Neumann  remarked  that  the 
Hungarian  wines  left  only  a  thin  ftratum ;  that 
the  wines  of  France  afforded  more;  and  that 
the  Rhenifh  wines  afforded  the  purefl  and  the 
greater!:  quantity. 

Tartar 
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Tartar  is  diftinguifhed,  from  its  colour,  into 
red  or  white :  the  firfl  is  afforded  by  red  wine. 

The  pureft  tartar  exhibits  an  imperfectly 
cryflallized  appearance :  the  form  is  the  fame 
as  we  have  affigned  to  the  acidulous  tartrite  of 
potafh ;  and  it  is  this  quality  which  is  ealle'd 
grained  tartar  (tartre  grenu)  in  our  refineries  at 
MontpeUier. 

The  tafte  of  tartar  is  acid  and  vinous.     One 
ounce  of  water,  at  the  temperature  of  ten  de 
grees  above  o  of  Reaumur,  diflblves  no  more 
than  ten  grains :  boiling  water  diflblves  more5 
but  it  falls  down  in  cryflals  by  cooling. 

Tartar  is  purified  from  an  abundant  extrac- 
tive principle  by  procefTes  which  are  executed 
at  Montpcllicr  and  at  Venice. 

The  following  is  the  procefs  ufed  at  Mont- 
peUier :— The  tartar  is  diflblved  in  water,  and 
furrered  to  cryitallize  by  cooling.  The  cryflals 
are  then  boiled  in  another  vefTel,  with  the  addi- 
tion of  five  or  fix  pounds  of  the  white  argilla- 
ceous earth  ofMurviel  to  each  quintal  of  the 
fait.  After  this  boiling  with  the  earth,  a  very 
white  fait  is  obtained  by  evaporation,  which  is 
known  by  the  name  of  Cream  of  Tartar,  or 
acidulous  tartrite  of  potafh. 

M.  Defmarctz  has  informed  us  (Journal  de 
Phyf.    1 771)  that  the  procefs  ufed  at   Venice 

confifts 
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confifts — i.  In  drying  the  tartar  in  iron  boilers, 
2.  Pounding  it,  and  difTblving  it  in  hot  water, 
which  by  cooling  affords  purer  cryflals.  3.  Re- 
diflblving  thefe  cryftals  in  water,  and  clarifying 
the  folution  by  whites  of  eggs  and  afhes. 

The  procefs  of  Montpellier  is  preferable  to 
that  of  Venice.  The  addition  of  the  af-ies  in- 
troduces a  foreign  fait,  which  alters  the  purity 
of  the  product. 

The  acidulous  tartrite  of  potafh  cryftallizes 
in  tctrahedral  prifms  cut  off  flan  twife. 

This  fait  is  ufed  by  the  dyers  as  a  mordant : 
but  its  greateit  confumption  is  in  the  north, 
where  it  is  ufcd  at  table  as  a  feafoner. 

Tartar  appears  to  exift  in  the  mull,  and  con- 
fequently  in  the  grape  itfelf.  This  has  been  af- 
certained  by  the  experiments  of  De  Rouelle 
and  the  marquis  de  Bullion. 

This  fait  exifts  in  many  other  vegetables.  It 
is  fufficiently  proved  that  tamarifc  and  fumach 
contain  it ;  and  the  fame  is  true  of  the  bar- 
berry, of  balm,  carduus  benedictus,  refthar- 
row,  water-germander,  and  fage. 

The  acidulous  tartrite  of  potafh  may  be  de- 
compofed  by  means  of  fire,  in  the  way  of  dif- 
tillation ;  in  which  cafe  the  acid  and  the  alkali 
are  obtained  fcparately.  This  dccompofition 
may  alfo,  be  effected  by  the  fulphuric  acid. 

The 
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The  celebrated  Scheele  has  defcribed  a  pro- 
cefs  of  greater  accuracy  for  obtaining  the  acid 
of  cream  of  tartar. 

Two  pounds  of  the  cryftals  are  diflblvcd  in 
water,  into  which  chalk  is  thrown  by  degrees, 
till  the  liquid  is  faturated.  A  precipitate  is 
formed,  which  is  a  true  tartrite  of  lime,  is  tafte- 
lefs,  and  cracks  between  the  teeth.  This  tar- 
trite is  put  into  a  cucurbit ;  and  nine  ounces 
of  fulphuric  acid,  with  five  ounces  of  water,  are 
poured  on  it.  After  twelve  hours  digeftion, 
with  occafional  ftirring,  the  tartareous  acid  is 
ftt  at  liberty  in  the  folution,  and  may  be  cleared 
of  the  fulphate  of  lime  by  means  of  cold  water. 

This  tartareous  acid  affords  cryftals  by  eva- 
poration ;  which,  when  expofed  to  the  fire,  be- 
come black,  and  leave  a  lpongy  coal  behind. 

Treated  in  a  retort,  they  afford  an  acid 
phlegm,  and  fomc  oil. 

The  tafte  of  this  acid  is  very  fharp. 

It  combines  with  alkalis,  with  lime,  with  ba- 
rytes,  alumine,  magnelia,  &c. 

The  combination  of  potafh  with  this  acid 
forms  cream  of  tartar,  when  the  acid  is  in  ex* 
;  which  is  capable  of  entering  into  combi- 
nations, and  forming  triple  falts.  Such  is  the 
fait  of  Seignette,  or  tartrite  of  foda,  which  cryf- 
tallizes  in  tetrahedral  rhomboidal  prifms. 

The 
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The  acidulous  tartrite  of  potalh  is  very  fpa-* 
ringly  foluble  in  water.  Boiling  water  diflblves 
only  one  twenty-eighth  part.  The  addition  of 
borax  has  been  propofed  to  facilitate  the  folu- 
lion ;  as  likewife  fugar,  which  is  lefs  efficacious 
than  borax,  but  makes  a  very  agreeable  and 
purgative  lemonade  with  this  fait. 


ARTICLE     II, 

Concerning  the  Acid  Fermentation. 

The  mucilaginous  principle  is  more  efpe* 
cially  the  fubftance  on  which  the  acid  fermen^ 
tation  depends ;  and  when  it  has  been  deflroyed, 
in  old  and  generous  wines,  they  are  no  longer 
capable  of  alteration,  without  the  addition  of  a 
gummy  matter,  as  I  find  from  my  own  expert 
ments.  It^  is  not  true,  therefore,  to  fay  that 
all  fubftances  which  have  paffed  through  the 
vinous  fermentation,  arc  capable  of  paffing  to 
the  flate  of  vinegar;  fince  this  change  depends 
on  the  mucilage,  which  may  not  in  all  cafes  be 
prefent. 

There  are,  therefore,'  three  caufes  neceflary 
to  produce  the  acid  fermentation  in  fpirituous 
liquors, 

i.  The 
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X.  The  exiftence  of  mucilaginous  matter,  or 
mucilage.  2.  A  degree  of  heat  between  eigh- 
teen and  twenty-five  degrees  of  Reaumur. 
3.  The  prefence  of  oxigenous  gas. 

The  procefs  indicated  by  Boerhaave  for  mak- 
ing vinegar,  is  ftill  the  molt  frequently  ufed. 
It  confifts  in  fixing  two  cafks  in  a  warm  room 
or  place.  Two  falfe  bottoms  of  bafket-work 
are  fixed  at  a  certain  diftance  from  the  bot- 
tom, upon  which  the  refufe  of  grapes  and  vine 
twigs  are  placed.  One,  of  thefe  tuns  is  filled 
with  wine,  and  the  other  only  half  filled.  The 
fermentation  begins  in  this  laft ;  and,  wThen  it 
is  in  full  action,  it  is  checked  by  filling  the 
cafk  up  with  wine  out  of  the  other.  The  fer- 
mentation then  takes  place  in  the  laft-mention- 
ed  cafk,  that  remained  half  filled ;  and  this  is 
checked  in  the  fame  manner  by  pouring  back 
the  fame  quantity  of  liquid  out  of  the  other : 
and  in  this  way  the  procefs  is  continued  till  the 
vinegar  is  made,  which  is  ufually  in  about  fif- 
teen days. 

When  the  fermentation  develops  itfelf,  the 
liquid  becomes  heated  and  turbid;  a  great 
number  of  filaments  are  ltcn  in  it ;  it  emits 
a  lively  fmell ;  and  much  air  is  abforbed,  ac- 
cording to  the  obfervation  of  the  abbe  Rozier. 

A  large  quantity  of  lees  is  formed,  which  fub- 
2  fides 
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fides  when  the  vinegar  becomes  clear.  This  lees 
is  very  analogous  to  the  fibrous  matter. 

Vinegar  is  purified  by  diftillation.  The  firft 
portions  which  pafs  over  are  weak ;  but  foon  af- 
terwards the  acetous  acid  rifes,  and  is  ftrongef 
the  later  it  comes  over  in  the  diftillation.  This 
fluid  is  called  Diftilled  Vinegar;  and  is  thus 
cleared  of  its  colouring  principle,  and  the  lees3 
which  is  always  more  or  lefs  abundant. 

Vinegar  may  likcwifc  be  concentrated  by 
expofing  it  to  the  froft.  The  fuperabundant 
water  freezes,  and  leaves  the  acid  more  con- 
den  fed. 

The  prefence  of  fpirit  of  wine,  mucilage,  and 
air,  are  neceflary  to  form  vinegar.  Scheele  has 
made  it  by  decomposing  the  nitric  acid  upon 
fugar  and  mucilage.  I  communicated  to  the 
Academy  at  Paris  (vol.  1786)  an  obfervation 
of  fome  curiofity  refpecling  the  formation  of 
vinegar.  Diftilled  water,  impregnated  with  vi- 
nous gas,  affords  vinegar :  at  the  end  of  fome 
months,  a  depofition  is  made  of  a  fubftance  in 
v  flocks,  which  is  analogous  to  the  fibrous  matter 
of  vegetables.  When  the  water  contains  ful- 
phate  of  lime,  an  execrable  hepatic  odour  is  de- 
veloped, a  depofition  of  fulphur  is  afforded* 
and  all  this  is  owing  only  to  the  decompofition 
of  this  fulphuric  acid. 

As 
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As  in  the  above  experiments  I  had  placed 
the  water  above  the  vinous  fluid  in  fermenta- 
tion, to  impregnate  it  with  the  carbonic  acid, 
the  alcohol  which  evaporates  with  the  acid  car- 
ried the  mucilage  with  it ;  and  the  effects,  I 
obferved,  are  referable  to  this  fubftance. 

The  acetous  acid  is  capable  of  combining 
with  a  flrongcr  dofe  of  oxigene;  and  then 
forms  radical  vinegar,  or  the  acetic  acid. 

To  form  the  acetic  acid,  the  metallic  oxides 
are  diflblved  in  the  acetous  acid ;  the  fait  which 
is  obtained  being  then  expofed  to  dillillation, 
affords  the  oxigenated  acid.  It  has  a  very  live- 
ly fmell,  is  cauftic,  and  its  action  upon  bodies 
is  very  different  from  that  of  the  acetous  acid. 

This  acetic  acid  has  the  advantage  of  form- 
ing ether  with  alcohol.  For  this  purpofe,  equal 
parts  of  the  acid  and  alcohol  are  to  be  diftillcd 
together.  The  product  of  the  diftillation  is  to 
be  again  added  to  the  rcfidue  in  the  retort ;  and 
a  fmall  quantity  of  the  water  of  Rabel  is  like- 
wife  to  be  added.  The  whole  becomes  con- 
verted into  ether. 

The  combination  of  the  acetous  acid  with 
potafh  forms  thcacetite  of  potafli. 

To  make  this  fait,  pure  potafh  is  fatu rated 
with  diftilled  vinegar,  the  liquor  filtered,  and 
evaporated  to  drynefs  in  a  glafs  verlel  over  a 

verv 
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very  gentle  fire.  The  acetite  of  potafli  has  £ 
penetrating  acid  talte ;  is  decompofed  by  dis- 
tillation ;  and  affords  an  acid  phlegm,  an  empy* 
reumatic  oil,  ammoniac,  and  a  large  quantity 
of  very  odorant  gas,  formed  of  carbonic  acid 
and  hydrogen e.  The  coal  contains  much  fixed 
alkali  in  a  difengaged  iiate.  This  fait  is  very 
foluble  in  water,  and  deliquefces  in  the  air. 

The  fulphuric  acid  poured  upon  it,  decorri* 
pofes  it ;  and  the  produces  which  come  over 
are  fulphuric  acid  and  acetic  acid. 

The  acetous  acid  likewife  combines  with 
foda ;  and  this  combination  is  improperly  called 
,Cryfiallizable  Terra  Foliata.  The  acetite  of 
foda  cryftallizcs  in  ftriated  prifms,  and  does  not  > 
attract  the  humidity  of  the  air.  When  thefe 
falts  are  diftilled,  they  leave  a  rcfidue,  which 
forms  an  excellent  and  very  active  pyrophorus, 

The  acetous  acid  likewife  combines  with 
ammoniac.  The  acetite  which  is  produced  is 
called  the  Spirit  of  Mindercrus.  This  fait  can- 
not be  evaporated  without  the  Iofs  of  a  confi- 
derable  part,  on  account  of  its  volatility :  but, 
by  a  long  evaporation,  it  affords  needle-formed 
cryftals,  of  a  hot  and  penetrating  tafle,  and  at- 
tracting moifture  from  the  air.  Lime,  fixed 
alkalis,  mere  heat  or  fire,  and  the  acids,  dc- 
compofe  this  fait. 

The 
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The  fulphate  of  potafh,  fprinkled  with  the 
acetic  acid,  forms  the  fait  of  vinegar. 

ARTICLE    III. 

Concerning  the  Putrid  Fermentation. 

In  order  that  vegetables  may  undergo  the 
two  fermentations  we  have  treated  of,  it  is  ne- 
ceflary  that  the  juices  fhould  be  extracted,  and 
prefented  in  a  confiderable  volume.  A  due  de- 
gree of  heat,  together  with  other  circumflances 
artificially  brought  together,  are  likewife  necef- 
farv  ;  for  a  grape,  left  on  the  ftalk,  produces 
neither  ardent  fpirit  nor  vinegar,  but  rots.  It 
is  this  new  kind  of  alteration  we  fhall  at  prefent 
proceed  to  treat  of. 

This  fermentation  is  the  mofl  natural  ter- 
mination of  the  vegetable.  It  is  indeed  the  only 
end  to  which  the  natural  courfe  of  things  is 
directed ;  fince  it  is  by  this  means  that  the  ex- 
haufted  furface  of  the  globe  is  repaired.  The 
two  other  fermentations  are  the  mere  effects  of 
art,  and  form  no  part  of  the  great  plan  of  na- 
ture. 

The  life  of  the  greateft  part  of  vegetables  lafts 
but  a  few  months ;  but  the  feeds  they  depofit 
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afliire  their  re-production.  There  are  other 
more  robuft  vegetables  which  fupport  the  cold 
of  winter,  and  only  caft  their  leaves  at  that  pe- 
riod. The  annual  vegetables,  and  vivacious 
plants,  arc  altered  by  the  combined  action  of 
the  caufes  we  have  mentioned ;  and  the  remit, 
according  to  the  degree  of  decompofition,  is 
either  manure,  vegetable  earth,  or  ochre. 

The  conditions  of  the  vegetable  fermentation 
are  the  following  : 

i.  It  is  necefTary  that  the  organization  be  im- 
pregnated with  water.  Dried  vegetables  are 
preferved  without  putrefying ;  and,  if  they  be 
moiflened,  their  fubfequent  alteration  is  prodi- 
gioufly  accelerated.  In  this  manner  it  is  that 
plants  heaped  together  become  heated,  blacken, 
and  take  fire,  if  not  fufticiently  dried.  Fires 
of  this  kind  are  not  rare,  and  the  theory  is  not 
difficult  to  be  explained.  Wetted  ropes,  moifi: 
hay  heaped  together,  and  in  a  word  every  ve- 
getable fubftance,  putrefies  or  rots  with  greater 
facility,  the  more  perfectly  its  texture  is  impreg- 
nated with  water. 

2.  The  contact  of  air  is  the  fecond  ncceflary 
caufe  in  the  putrefaction  of  vegetables.  It  is 
reported,  in  the  Ephemerides  of  the  Curious  in 
Natural  Phenomena,  for  1787,  that  ripe  cherries 
were  preferved  for  forty  years,  by  inclofing  them 

in 
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in  a  veflel  well  luted,  and  placed  at  the  bot- 
tom of  a  well. 

3.  A  certain  degree  of  heat  is  likewife  necef- 
fary.  The  heat  between  five  and  ten  degrees  is 
fufficient  to  caufe  decompofition.  A  greater 
heat  diffipates  the  humidity,  dries  the  vegeta- 
ble, and  preferves  it  from  putrefaction.  Too 
little  heat  retards  or  fufpends  it. 

4.  It  is  likewife  neceflary,  for  the  due  efFect 
of  this  decompofition,  that  the  vegetables  fhould 
be  heaped  together,  and  their  juices  abundant. 
A  greater  quantity  of  air  is  then  combined  with 
the  vegetable  :  becaufe  the  juices  and  the  fur- 
faces  are  then  more  coniiderable  ;  and  confe- 
qnently  a  greater  degree  of  heat  is  produced, 
which  accelerates  the  decompofition. 

When  vegetables  are  heaped  together,  and 
their  texture  is  foftened  by  the  humidity  with 
which  they  are  impregnated,  together  with  their 
own  juices,  the  phenomena  of  decompofition 
are  the  following : — The  colour  of  the  vege- 
table is  changed ;  the  green  leaves  become  yel- 
low, the  texture  becomes  lax,  and  the  parts 
lefs  coherent ;  the  colour  of  the  vegetable  itfelf 
changes  to  black  or  brown  ;  the  mafs  rifes,  and 
perceptibly  fwells  up;  the  heat  becomes  more 
intenfe,  and  is  perceived  on  approaching  the 
heap  ;  and  the  fumes  which  arife  have  already  a 
T  2  fmell, 
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fmell,  which  fometimcs  is  not  difagrecable ;  at 
the  fame  time  bubbles  arife,  and  break  at  the 
ftirface  of  the  liquid,  when  the  vegetables  are 
reduced  to  a  magma.  This  gas  is  a  mixture  of 
nitrogene,  hydrogen  e,  and  carbonic  acid.  At 
this  cpocha,  likewife,  an  ammoniacal  gas  is 
emitted,  which  is  formed  in  thefe  circum- 
ftances  :  and,  in  proportion  as  thefe  appearances 
diminilh,  the  ftrong  and  ofTenfive  odour  is  fuc- 
cccded  by  another  which  is  fainter  and  milder, 
and  the  mafs  becomes  dry.  The  internal  part 
itill  exhibits  the  vegetable  ftructure,  when  the 
item  is  folid,  and  the  fibrous  matter  has  been 
the  predominating  principle ;  and  it  then  con- 
stitutes manure  or  foil.  Hence  it  arifes  that 
the  herbaceous  plants  of  a  loofe  texture,  and 
abounding  in  juices,  are  not  capable  of  form- 
ing manure  by  their  decomposition,  but  are  re- 
duced into  a  brown  mafs  of  little  confidence, 
in  which  neither  fibre  nor  texture  are  obferved ; 
and  this  is  what,  for  the  moil  part,  forms  vege- 
table mould. 

Vegetable  mould  ufually  constitutes  the  firft 
covering  or  firatum  of  our  globe ;  and  in  fuch 
cafes  wherein  it  is  difcovered  at  a  depth  in  the 
earth,  there  is  no  doubt  but  it  has  been  Juried 
by  fome  revolution. 

When  a  vegetable  is  converted  into  earth  by 

this 
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this  tumultuous  fermentation,  it  ft  ill  retains  the 
remains  of  t!  table,  mixed  and  confounded 

with  the  other  folid  earths  and  metallic  pro- 
duels  ;  and  by  dill  illation  it  affords  oil,  nitro- 
genc  gas,  and  often  hydrogene.  It  may  there- 
fore be  coniidered  as  an  intermediate  fubftance 
between  crude  and  organic  bodies,  which  parti- 
cipates of  the  inertia  of  the  one,  and  the  activity 
of  the  other  ;  and  which  in  this  ftate  is  ftill  fub- 
jccl:  to  an  infeniible  fermentation,  that  changes 
its  nature  ftill  more,  and  depri  f  all   its 

organic  contents.  Thefe  remains  of  vegetables 
ftill  contained  in  vegetable  earth,  ferve  as  food 
for  other  plants  that  may  grow  in  it.  The  in  - 
fenfible  progrefs  of  fermentation,  and  the  faction 
of  vegetables,  impoverish  the  vegetable  earth, 
deprive  it  of  all  its  organic  matter,  and  there 
remain  only  the  earths  and  metallic  refidue 
which  form  the  fliff  poor  foils,  and  ochres  when 
the  ferruginous  principle  is  very  abundant. 

this  muddv  earth  is  a  mixture  of  all  the 
primitive  earths,  and  fome  of  the  metals  which 
are  the  product  of  vegetation,  as  well  as  the 
oils,  the  falts,  and  other  produc  neet  with 

in  it ;   we   may  confider   it  as   the  refidue  of 
vegetable  decompotition,  as  the  great  agent  and 
.  is    by   which   nature  repairs  the  continual 
Joiles  the  mineral  kingdom  undergoes.     In  this 
T  3  mixture 
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mixture  of  all  the  principles  the  materials  of  all 
compounds  exift ;  and  thefe  materials  are  fo 
much  the  more  difpofed  to  enter  into  combina^ 
tions,  as  they  are  in  a  more  divided  and  difen- 
gaged  ftate.  It  is  in  thefe  earths  that  we  find 
diamonds,  quartz-cryftals,  fpars,  gypfum,  &c. 
It  is  in  this  matrix  that  the  bog  ores,  or  ochreous 
ores  of  iron,  are  formed  ;  and  it  appears  that 
nature  has  referved  the  impoverifhed  refidue  of 
vegetables  for  the  reproduction  or  reparation  of 
the  earthy  and  metallic  fubflances  of  the  globe, 
while  the  organic  remains  are  made  to  ferve  as 
nourifhment  for  the  growth  of  other  fucceeding 
vegetables. 


PART 
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PART       VI, 


CONCERNING    ANIMAL    SUBSTANCES, 


INTRODUCTION. 

THE  abufe  which,  at  the  commencement 
of  this  century,  was  made  of  the  applica- 
tion of  chemittry  to  medicine,  occafioned,  a  fhort 
time  afterwards,  that  all  the  relations  between 
this  feience  and  the  art  of  healing  were  miftaken 
and  rejected.  It  would  no  doubt  have  been 
more  prudent,  as  well  as  more  ufeful,  to  have 
connected  thefe  miftaken  applications :  but 
chemiitry  was  not  perhaps  at  that  time  in  a  fuf- 
ficicntly  advanced  itatc,  to  be  advantageoufly 
applied  to  the  phenomena  of  living  box 
and,  even   at  this  day,  we  fee  that,  h  the 

phyfiology  of  the  human  body  is  enric1 
various  intercfting  facts,  there  is  ftill  much  to 
be  done  1  rous 

to  e:  ctrinc. 
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The  imperfect  fuccefs  of  chemiftry  in  that 
branch  of  the  Science  which  has  the  ftudy  of  man 
for  its  object,  arifes  from  the  very  nature  of  the 
fubjecr.  itfelf.  Some  chcmifts,  by  coniidering 
the  human  body  as  a  lifclefs  and  paffive  fub- 
france,  have  fuppofcd  the  humours  to  undergo 
the  fame  changes  as  they  would  have  been  fub- 
jecl  to  out  of  the  body  ;  others,  from  a  very  fu- 
perficial  knowledge  of  the  conftitution  of  thefe 
humours,  have  pretended  to  explain  all  the  phe- 
nomena of  the  animal  ceconomy.  All  have 
miftaken  or  overlooked  that  principle  of  life 
which  incefiantly  acts  upon  thefolidsand  fluids; 
modifies,  without  ceafing,  the  imprettion  of  ex- 
ternal objects  ;  impedes  the  degenerations  which 
depend  on  the  conftitution  itfelf;  and  prefents 
to  us  phenomena  which  chemiftry  never  could 
have  known  or  predicted  by  attending  to  the 
invariable  laws  obferved  in  inanimate  bodies. 

None  of  the  bodies  of  the  mineral  kingdom 
are  governed  by  an  internal  force.  They  are  all 
fubjected  to  the  direct  action  of  foreign  fub- 
ilances,  without  any  modification  from  any  vital 
principle ;  and  the  air,  water,  and  fire,  produce 
in  them  effects  which  are  neceflary,  conftant, 
and  fubject  to  calculation  :  whence  it  happens 
that  we  are  able  to  determine,  modify,  and  vary 
the  action  of  thefe  various  agents  at  pleafure.   It 

is 
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is  not  the  fame  with  living  bodies  :   they  are  all 
indeed  fubjecl:  to  the  influence  of  external  bo- 
dies ;  but  the  effect  of  theie  is  modified  by  the 
reaction  of  the  vital  principle,  and  is  varied  ac- 
cording   to   the   difpofition    of  that    principle. 
The  chemift  cannot  therefore  determine  thefe 
effects  a  ■priori,  and  in  a  general  way.     He  muft 
feareh  for  his  remits  rather  in  the  living  body 
itfclf  than  in  the  operations  of  his  laboratory ; 
and  can  have  no  affiftance  from  his  analyfis  but 
in  afcertaining  the  nature  of  their  component 
parts.     But  their  action,  effects,  or  tranfpoh*- 
tions,  can  only  be  known  by  a  fcrious  iludy  of 
the  functions  of  the  living  body.     Chemifliy 
can   perform  every  thing  in  the  mineral  king- 
dom, beeaufe  every  thing  depends  on  the  laws 
of  the  affinities.     But,  in  the  kingdoms  of  or- 
ganized beings,  this  feience  is  fubordinate  to 
the  laws  of  the  ceconomy  of  living  bodies  ;  and 
its  remits  can  only  be  affirmed  to  be  true,  when 
they  are  confirmed  by  obfervation. 

The  more  the  functions  of  the  individual  are 

independent  of  organization,  the  lefs  is  the  em- 

of  chemiitry  over  them,  beeaufe  the  effects 

modi  lied  in  a  thoufand  ways  ;  and  it  is  this 

ch  renders  the  application  of  chemical  prin- 

les  to  the  phenomena  of  the  human  body  fo 

very  difficult :  for  the  organization  is  not  only 

2,  very 
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very  complicated,  but  the  effects  are  conti- 
nually varied  by  the  powerful  influence  of  the 
mind. 

There  is  not  however  any  function  in  the 
animal  ceconomy,  upon  which  the  fcience  of 
chemiftry  cannot  throw  fome  light.  If  we  con- 
iider  them  in  the  healthy  flate,  wre  fhall  per- 
ceive that  every  organ  produces  fome  change 
in  the  humours  it  receives ;  and  though  the 
chemift  may  indeed  be  ignorant  of  the  manner 
in  which  fuch  changes  are  produced,  it  is  by  his 
art  alone  that  the  difference  between  the  origi- 
nal fluid,  and  that  which  has  been  elaborated, 
can  be  afcertained.  Bcfules  which,  the  func- 
tions of  the  various  organs  are  exercifed  upon 
external  objects,  and  thefe  objects  come  under 
the  confideration  of  chemiftry.  We  are  at  pre- 
fent,  for  example,  acquainted  with  the  nature  of 
the  air  which  ferves  for  refpiration,  its  effects  on 
the  lungs*  and  its  influence  on  the  animal  ceco- 
nomy. We  are  even  now  able  to  determine 
whether  any  air  be  good  or  bad,  and  know  how 
to  correct  that  which  is  vitiated,  &c.  We  like- 
wife  pofTefs  fome  accurate  ideas  of  the  nutritive 
principle  of  certain  fubftances ;  and  chemiftry 
teaches  us  how  to  difpofe  of  the  respective  ali- 
ments, and  adapt  them  to  the  various  circum- 
ilanccs.     The  an  of  waters  is  fufflciently 

perfect 
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perfect  to  admit  of  our  diftinguithing  the  pro- 
perties of  that  fluid  relative  to  health,  and  to 
felect  the  bell  for  our  own  ufe :  fo  that,  while 
the  principle  of  life  prefides  over  and  governs 
all  the  internal  operations  of  the  human  body  by 
a  mechanifm  which  is  very  imperfectly  known 
to  us,  we  fee  neverthelcfs  that  all  the  functions 
receive  an  impreffion  more  or  lefs  direct  from 
external  objects ;  that  all  the  materials  ufed  for 
the  fupport  of  the  machine  are  fupplicd  from 
without ;  that  the  principle  of  life  which  col- 
lects and  dilpoies  of  thefe  materials,  after  laws 
unknown  to  us,  is  capable  neither  of  choofing 
nor  rejecting  them ;  and  that  the  functions 
would  be  very  fpeedily  altered,  if  chcmiltry, 
founded  on  obfervation,  were  not  careful  to  re- 
move the  noxious,  and  (elect  iuch  bodies  as  are 
of  advantage  to  the  fyftem.  Chemiftry  there- 
fore can  do  nothing  in  the  arrangement  of  the 
materials,  but  poflefles  unlimited  power  in  their 
felection  and  preparation. 

When  the  organization  is  deranged,  this  de- 
fect of  order  can  arife  only  from  external  or 
internal  caufes.  In  the  firft  cafe,  the  analyfis 
of  the  air,  the  water,  and  the  foods,  will  afford 
accurate  notions  fufHeient  to  re-eftablifh  the 
functions.  In  the  fecond,  the  chemical  exami- 
.       >n  of  the  humours  may  afford  information 

fuffi- 
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i 
fufHcient  to  direct  the  phyfician  in  pointing  out 

the  mod  fuitable  remedy.  Sometimes  the  hu- 
mours are  decompofed  in  the  body,  as  in  vitro. 
We  obferve  all  the  phenomena  of  a  degenera- 
tion and  complete  difunion  of  the  principles 
which  compofe  the  blood,  in  the  fcurvy,  ca- 
chexy, malignant  fevers,  &c.  It  feems  as  if, 
in  fuch  cafes,  the  vital  principle  abandoned  the 
government,  and  left  the  folids  and  fluids  to 
the  deftructive  action  of  external  agents ;  in 
confequence  of  which  they  become  decompofed 
in  the  fame  manner  as  they  ufually  do  when  fe- 
parated  from  the  body. 

When  the  principle  of  animality  is  once  ex- 
tinguifhed,  the  fame  caufcs  which  maintained 
the  functions,  and  whofe  effects  were  modified 
by  that  principle  of  life,  now  act  with  their 
whole  energy  on  the  body,  and  decompofe  it. 
Chemiftry  has  difcovered  methods  of  extracting 
from  thcfe  dead  bodies  a  variety  of  fubftances 
of  ufe  in  the  arts  and  in  pharmacy. 

Chemiftry  is  therefore  applicable  to  the  ani- 
mal ceconomy  in  the  ftate  of  health  and  in  the 
ftate  of  licknefs. 

The  chemical  art  has  marked  the  limits  be- 
tween vegetable  and  animal  fubftances.  Thefe 
laft  afford  ammoniac  by  putrefaction,  while  the 
fermentation    of  the   former  develops   ardent 

(pint, 
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fpirit.  The  latter  leave  a  coal  which  burns 
eafily  ;  while  the  former  become  converted  into 
a  coal  almofl  incombuftible.  Animal  matters 
contain  much  nitrogene,  which  may  be  difen- 
gaged  by  means  of  nitric  acid.  The  intereft- 
ing  Memoirs  of  MefT.  Berthollet  and  De  Four- 
croy  on  animal  fubftances,  may  be  confulted 
to  great  advantage. 


CHAP.       I. 

Concerning  Digeftion. 


THAT  humour  which  is  known  by  the 
name  of  the  Gattric  Juice,  is  feparated 
by  glands  placed  between  the  membranes 
which  line  the  ftomach ;  and  from  thefe  it  is 
emitted  into  the  ftomach  itfelf. 

In  order  to  obtain  the  gaftric  juice  in  a  ftate 
of  purity,  the  animals  intended  to  furnifh  it  are 
kept  fafting  for  two  days,  after  which  the  fto- 
mach is  extracted.  In  this  manner  Spallanzani 
obtained  thirty-feven  ounces  of  this  juice  out 
of  the  two  firft  ftomachs  of  a  fheep.  The  fame 
naturalift  caufed  animals  to  fwallow  thin  tubes 
of  metal,  pierced  with  fcvcral  holes,  into  which 

he 
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he  had  put  fmall  fponges,  very  clean  and  dry. 
He  caufed  crows  to  fwallow  eight  at  a  time, 
which  were  vomited  up  at  the  end  of  three 
hours  and  a  half.  The  juice  which  he  obtain- 
ed was  yellow,  tranfparent,  fait,  bitter,  and 
leaving  very  little  fediment,  when  the  bird  was 
faffing.  The  gaflric  juice  may  likewife  be  pro- 
cured by  the  vomiting  which  is  excited  by  irrita- 
tion during  fafting.  M.  Scopoli  has  obferved 
that  the  mod  fluid  part  only  is  thrown  up  by 
irritation  ;  and  that  the  thicker  part  does  not 
quit  the  flomach  but  by  the  afiiftance  of  an 
emetic.  M.  GofTe,  who  had  long  accuftomed 
himfclf  to  fwallow  the  air,  which  anfwered  the 
purpofe  of  an  emetic  with  him,  has  availed  him- 
felf  of  this  habit  to  make  fome  experiments  with 
the  gaflric  juice.  He  fufpends  his  refpiration, 
receives  air  into  his  mouth,  and  pufhes  it  to- 
wards the  pharinx  with  his  tongue.  This  air, 
rarefied  in  his  flomach,  produces  a  convulfive 
motion,  which  clears  it  of  its  contents.  Spal- 
lanzani  has  obferved  that  eagles  fpontaneoufly 
emit  a  confklerable  quantity  of  gaflric  juice, 
when  fafting  in  the  morning.     ' 

We  are  indebted  to  Reaumur  and  the  abbe 
Spallanzani  for  very  interefling  experiments  re- 
fpecling  the  virtue  and  efFecls  of  the  gaflric  juice 
in  digeftion.     They  caufed  animals  to  fwallow 

tubes 
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tubes  of  metal,  perforated  in  various  places,  and 
tilled  with  aliments,  to  examine  their  effects. 
The  philofopher  of  Pavia  ufed  purfes  of  thread, 
and  bags  of  linen  and  of  woollen.  He  himfelf 
fwallowed  fmall  purfes  filled  with  flefh  boiled 
or  raw,  with  bread  mafticated,  and  alfo  in  its 
original  ftate,  See.  and  likewife  fmall  cylinders  of 
wood,  five  lines  in  length  and  three  in  diameter, 
pierced  with  holes,  and  covered  with  cloth. 

M.  Gofic,  availing  himfelf  of  the  facility  with 
which  he  was  able  to  vomit  by  means  of  the  air, 
has  taken  all  kinds  of  food,  and  examined  the 
changes  they  had  undergone,  by  returning  them 
after  intervals  more  or  lefs  remote  frora  the 
time  of  deglutition. 

From  thefe  various  experiments  it  follows — 
1.  That  the  gaitric  juice  reduces  the  aliments 
into  an  uniform  magma/even  out  of  the  body, 
and  in  vitro ;  and  that  it  acts  in  the  fame  man- 
ner on  the  ftomach  after  death  :  which  proves 
that  its  effect  is  chemical,  and  almoft  indepen- 
dent of  vitality.  2.  That  the  gaftric  juice  ef- 
fects the  folution  of  the  aliments  included  in 
tubes  of  metal,  and  confequentlv  defended  from 
any  trituration.  3.  That  though  there  is  no 
trituration  in  membranous  ftomachs,  this  action 
powerfully  aflifts  the  effect  of  the  digeftive 
juices  in  animals   whofe  ftomach  is  mufcular, 

fuch 
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fuch  as  ducks,  gecfe,  pigeons,  &c.  Some  of 
thefe  animals  bred  up  with  fufficient  care  that 
they  might  not  fwallow  ftones,  have  neverthe- 
lefs  broken  fpheres  and  tubes  of  metal,  blunted 
lancets,  and  rounded  pieces  of  glafs,  which  were 
introduced  into  their  ftomachs.  M.  Spallan- 
zani  has  ascertained  that  fiefh  included  in  fpheres 
fufficiently  ftrong  to  refift  the  mufcular  action, 
was  completely  digeiled.  4.  That  the  gaflric 
juice  acls  by  its  folvent  power,  and  not  as  a  fer- 
ment ;  becaufe  the  ordinary  and  natural  digef- 
tion  is  attended  with  no  difengagement  of  air, 
nor  inflation,  nor  heat,  nor  in  a  word  with  any 
of  the  phenomena  of  fermentation. 

M.  Scopoli  obferves  very  well  that  nothing 
pofitive  or  certain  can  be  afierted  refpecling  the 
nature  of  the  gaftric  juice.  It  is  fometimes 
acid  and  fometimes  infipid.  M.  Brugnatelli  has 
found  in  the  gaftric  juice  of  carnivorous  birds, 
and  fome  others,  a  difengaged  acid,  a  refm,  and 
an  animal  fubfiance,  united  with  a  fmall  quanti- 
ty of  common  fait.  The  gaflric  juice  of  rumi- 
nating animals  contains  ammoniac,  an  extrac- 
tive animal  fubfiance,  and  common  fait.  In  our 
time  the  phofpboric  falts  have  been  found  difen- 
gaged in  the  gaftric  juice. 

It  appears,  from  the  obfervations  of  MefTrs. 
Spallanzani  and  Goffe,  that   the  nature  of  the 
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gaftric  juice  varies  according  to  that  of  the  ali- 
ments. This  juice  is  conftantly  acid  when  the 
diet  is  vegetable.  The  abbe  Spallanzani  af- 
firms, contrary  to  McfTrs.  Brugnatelli  and  Car- 
minati,  that  birds  of  prey  have  never  afforded 
him  an  acid  juice;  and  he  affirms  the  fame  of 
ferpents,  frogs,  fifties,  &c. 

In  order  to  {hew  clearly  that  there  is  a  great 
difference  between  the  gaftric  juices  of  various 
animals,  it  is  fufficient  to  obferve  that  the  gaftric 
juice  of  the  kite,  the  falcon,  &c.  does  not  diflblve 
bread,  though  it  digefts  flefh  meat ;  and  that 
the  gaftric  juice  of  the  turkey,  the  duck,  &c. 
has  no  action  upon  flefh,  but  converts  the  hard- 
eft  grain  into  a  pulpt 

Meffrs.  Jurine,  Toggia,  and  Carminati  have 
made  the  moft  fuccefsful  applications  of  the 
gaftric  juice  in  the  treatment  of  wounds. 


CHAP.       II. 

Concerning  Milk. 

OF  all  the  animal  humours,  milk  is  beyond 
contradiction  the  leaft  animalized.    It  ap- 
pears   to   partake  of  the   nature  of  chyle  ;  it 
preferves  the  qualities  and  character  of  the  ali- 
Vol.  III.  U  ments; 
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ments ;  and  for  this  reafon  we  are  induced  tot 

place  it  at  the  head  of  the  humours  of  animal 

bodies. 

Milk  is  fcparated  in  organs  called  breafls  or 
udders ;  and  though  the  clafs  of  animals  with 
breafts'  exhibits  the  grcateft  analogy  in  the  in- 
ternal conftruclion  of  thefe  organs,  yet  the  milk 
varies  in  the  fcveral  fpecies.  In  the  human 
fpecies  it  is  more  faccharine  ;  in  the  cow,  milder 
or  foftcr  :  the  milk  of  the  goat,  and  of  the  afs, 
are  (lightly  aflringent  :  and  it  is  for  this  reafon 
that  they  arc  ordered  to  be  taken  in  diforders 
which  have  weakened  and  exhaufted  the  human- 
frame  *, 

Milk  is  the  firft  food  of  young  animals.  Their 


*  It  feems  moll  probable  that  the  pre -eminence  flill  given 
to  the  milk  of  the  afs,  arifes  from  no  better  reafon  than  the 
loud  and  fonorous  voice  of  the  animal,  which,  by  a  kind  of 
reafoning  very  common  among  the  ancient  phyficians/liSs  led* 
to  a  conclufion  that  the  milk  of  fuch  a  creature  mud  f^ood 
for  the  lungs.  The  root  fatyrion,  the  milk  of  the  goat,  and 
many  other  fubftances,  formerly  flood  high  in  medical  eftima- 
tion,  for  reafons  equally  obvious  and  equally  fuperficial.  It 
mull  not  however  be  denied  but  that,  when  the  poffeffor  of  an 
exhaufted  conftitntion  becomes  fo  far  obedient  to  advice  as  re- 
gularly to  take  affes  milk,  and  attend  to  other  circumftances  of 
regimen,  he  may  rind  himfelf  benefited  ;'  and  the  affes  milk, 
merely  as  milk,  fubftituted  inftead  of  fome  lefs  friendly  be- 
verage or  food,  may  be  entitled  to  a  (hare  in  the  general' 
effea.     T. 

weak 
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Weak  and  feeble  ftomachs  are  incapable  of  cli- 
gefting  and  affimilating  aliments  afforded  bv 
the  earth  ;  and  nature  has  accordingly  provided 
them  a  food  more  annualized,  and  confequently 
more  analogous  to  their  firuclure,  until  their 
increafed  ftrength  permits  them  to  ufe  a  coarfer 
food. 

Hunter  has  obferved  that  all  the  animals 
which  difgorge  to  feed  their  young,  have  glands 
in  the  ftomach,  which  are  formed  during  the  in- 
cubation, qnd  afterwards  gradually  obliterated. 

Milk  is  in  general  of  an  opake  white  colour, 
and  faccharine  tafte. 

By  attending  to  the  various  alterations  it  un- 
dergoes when  left  to  itfelf,  or  when  decompofed 
by  chemical  agents,  we  may  arrive  at  a  perfect 
knowledge  of  its  nature. 

Milk  expofed  to  the  air  is  decompofed  in  a 
longer  or  fhorter  time,  according  to  the  degree 
cf  heat  of  the  atmofphere.  But  if  the  tempera- 
ture of  the  atmofphere  be  hot,  and  the  milk  in 
large  quantity,  it  may  pafs  to  the  fpirituous  fer- 
mentation. Marco  Polo,  the  Venetian,  who 
wrote  in  the  thirteenth  century,  affirms  that  the 
Tartars  drink  mares  milk,  fo  well  prepared  that 
it  might  be  taken  for  white  wine.  Claude  Stra- 
helenberg  reports  that  the  Tartars  extract  a 
vinous  fpirit  from  milk,  which  they  call  Arki 
U  2.  (De- 
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(Dcfcription  de  TEmpire  tie  Ru'fiie).  Joint 
George  Gmelin,  in  his  Voyage  to  Siberia,  af- 
firms that  the  milk  is  fufFered  to  become  four, 
and  is  afterwards  diililled. 

M.  Nicolas  Ofcrcthkowiky,  of  St.  Peterfburg, 
has  proved — i.  That  milk  deprived  of  its  cream 
cannot  produce  ardent  fpirit,  either  with  a  for* 
ment  or  without.  2.  That  milk  agitated  in  a 
clofe  veflcl  affords  ardent  fpirit.  3.  That  fer- 
mented milk  lofes  its  fpirituoi}S  principle  by 
heat,  and  paffes  to  the  itate  of  vinegar. — Journal 
de  Phyf.  1779. 

Milk  becomes  four  in  the  fummer,  and  in 
three  or  four  days  the  acid  has  acquired  all  its 
ftrength.  If  the  whey  be  then  filtered,  and  eva- 
porated to  half,  cheefc  is  depofited.  If  it  be 
again  filtered,  and  a  fmall  quantity  of  the  tarta- 
reous  acid  be  added,  a  quantity  of  fmall  cryftals 
of  tartar  arc  feen  to  be  formed  in  the  courfe  of 
an  hour  afterwards,  which  according  to  Schccle 
can  (not)  arife  only  from  the  fmall  quantity  of 
muriate  potafli  (in  milk,  but  from  an  effential 
fait  *)  which  milk  always  contains. 

To  feparate  the  various  principles  contained 
in   four  whey,    the  following  procefs  may  be 

*  The  words  in  the  parenthefes  are  added,  to  render  the 
text  conformable  to  Scheele's  ETay.     T. 

ufed, 
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ufed,  which  was  pointed  out  by  the  celebrated 
Schcelc. 

Evaporate  the  four  milk  to  one  eighth.  All 
the  acid  feparatcs,  and  remains  on  the  filtre. 
Pour  lime  water  on  the  reiki  ue ;  an  earth  is 
precipitated,  and  the  lime  combines  with  the 
acid.  The  lime  may  be  difplaced  by  the  oxalic 
acid,  which  forms  with  it  an  infoluble  oxalitc, 
which  falls  down,  and  the  acid  of  milk  remains 
difengaged.  The  fluid  is  then  to  be  evaporated 
to  the  confidence  of  honey,  and  upon  this  very 
pure  alcohol  is  to  be  poured.  The  fugar  of  milk, 
and  all  the  other  principles,  arc  infoluble,  ex- 
cept the  acid.  The  mafs  being  then  filtered; 
the  acid  of  milk  may  be  feparated  from  its  fol- 
vent  by  diftillation.  This  is  the  acid  known  by 
the  name  of  Laclic  Acid.  It  pofleffes  the  fol- 
lowing characters.  i 

1 .  When  faturated  with  potafh,  it  affords  a 
deliquefcent  fait,  foluble  in  alcohol. 

2.  With  foda,  a  fait  not  cryftallizable,  and  fo- 
luble in  alcohol. 

3.  With  ammoniac,  a  deliquefcent  fait,  which 
(lifters  mofl  of  its  alkali  to  efcapc  before  the  heat 
has  deftroyed  the  acid. 

4.  Barytes,  lime,  and  a] limine,  form  with  it 
&lts  which  are  deliquefcent. 

U  3  5.  Mag- 
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5.  Magnefia  affords  fmall  cryftals,  which  are 
refolved  into  a  liquor. 

6.  Bifmuth,  cobalt,  antimony,  tin,  mercury, 
filvcr,  and  gold,  are  not  attacked  by  it  either 
hot  or  cold. 

7.  It  diflblves  iron  and  zinc,  and  produces  hy- 
drogenous gas.  The  folution  of  iron  is  brown, 
and  does  not  afford  cry ftals  .  that  of  zinc  cryf- 
tallizcs. 

8.  With  copper  it  affumes  a  blue  colour, 
which  changes  to  green,  and  afterwards  to  an 

,obfcure  brown,  without  cryftallizing. 

9.  When  kept  in  digeflion  upon  lead  for  fe^ 
veral  days,  it  diflblves  it.  The  folution  does 
not  afford  cryftals.  A  light  fediment  of  a  white 
colour  is  formed,  which  Scheele  confiders  as  a 
fulphate  of  lead. 

Whey  not  four  contains  a  faline  fubftance, 
known  by  the  name  of  Sugar  of  Milk.  Meflrs. 
Valgamoz  and  Lichtenflein  have  defcribed  the 
procefs  ufed  to  obtain  this  faline  fubftance.  /The 
milk  is  deprived  of  its  cream  in  the  ufual  man^ 
ner,  and  of  its  curd  by  rennet.  It  is  then  con- 
centrated by  evaporation  till  it  has  acquired  the 
confidence  of  honey,  after  which  it  is  put  into 
moulds,  and  dried  in  the  fun.  This  is  called 
Sugar  of  Milk  in  Cakes  (fucre  de  lait  en  ta- 
blettes).  Thefe  cakes  are  diflblved  in  water, 
o  clarified 
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clarified  with  white  of  egg,  evaporated  to  the 
confiftcnce  of  fyrup,  and  fet  to  cryftallize  in  a 
cool  place.  It  affords  white  'cryftals  in  rhom- 
boidal  parallelopipedons. 

Sihgar  of  milk  has  a  (lightly  faccharine  tafte, 
infipid,  and  as  it  were  earthy.  It  is  foluble  in 
three  or  four  pints*  of  hot  water.  M.  Rouclle 
obtained  from  twenty-four  to  thirty  grains  of 
nfhes  from  one  pound  of  this  fait  burned.  Three- 
fourths  confirmed  of  muriate  of  potafh,  and  the 
reft  was  carbonate  of  potafh. 

Sugar  of  milk  exhibits  the  fame  appearances 
as  fugar,  either  by  diltillation,  or  on  the  fire. 
This  fait  j-,  treated  with  the  nitric  acid,  afforded 
me  three  gros  of  oxalic  acid  in  the  month  of  July 
1787  (Memoir e  prefente  a  la  Societe  Royal e  des 
Sciences  de  Montpellier).  Scheele  obferved  the 
fame  fact  nearly  at  the  fame  time.  I  obtained 
it  in  beautiful  cryftals ;  Scheele,  in  the  form  of 
a  white  powder  J. 

If 

*  By  an  overfight  for  parts.     T. 

f  The  quantity  of  fait  ufed  is  not  put  down.  Scheile 
obtained  live  drachms  of  acid  of  fugar  in  long  cryftals, 
by  diftilling  nitrous  acid  from  twelve  ounces  of  fugar  of  milk, 
and  feven  drachms  and  a  half  of  the  peculiar  acid  of  fugar  of 
milk  in  a  white  powder.  The  memoir  of  Scheele  is  dated 
1780.     T. 

J  I  do  not  fee  by  what  overfight  it  is  that  our  inge 

U  4  '  author 
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If  fix  fpoonfuls  of  good  alcohol  be  mix^! 
with  three  pints  of  milk,  and  the  mixture  be 
expofed  to  heat  in  clofe  veflels,  with  the  at- 
tention to  give,  from  time  to  time,  a  flight 
vent  to  the  gas  of  the  fermentation  ;  the  milk 

author  fcems  to  cpnfufe  the  two  falts  together,  which  are 
afforded  hy  treating  thefugarof  milk  with  nitrous  acid.  One, 
as  obferved  in  the  preceding  note,  is  the  oxalic  or  faccharine 
acid,  and  the  other  the  acid  of  fugar  of  milk.  The  proper- 
ties of  this  laft  (Scheele's  Effays,  London,  1786)  are  the 
following : 

1.  It  is  combuftjble  like  oil  in  a  red-hot  crucible,  without 
leaving  any  mark  of  allies  Lehind.  2.  Sixty  parts  of  boiling 
water,  or  eighty  of  cold  water,  are  required  to  difTolve  it.  3. 
Its  tafte  is  fourifh,  it  reddens  tincture  of  litmus,  and  effer- 
Tefces  with  chalk.  4.  By  deflru&ive  diftillation  it  melts, 
grows  black,  froths  very  much  ;  a  brown  fait,  fmelling  lpte 
a  mixture  of  flowers  of  benzoin  and  acid  of  amber,  fublimes  ; 
a  brown  liquid,  without  any  appearance  of  oil,  comes  over  into 
the  receiver,  and  is  found  to  contain  fome  of  the  fame  kind 
of  fait  as  was  fublimld.  The  fublimed  fait  is  acid,  eafily  foluble 
in  ardent  fpirit,  but  more  difficultly  in  water,  and  burns  in  the 
fire  with  a  flame.  5.  With  all  the  foluble  earths  it  forms 
falts  infoluble  in  water.  6.  With  vegetable  alkali  it  forms 
a  perfectly  neutral  cryftallizable  fait,  foluble  in  eight  times 
its  weight  of  boiling  water,  and  feparable  for  the  moll 
part  by  cooling.  7.  With  mineral  alkali  it  forms  a  fait 
which  requires  only  five  parts  of  boiling  water  for  its  folu- 
tion.  8.  With  volatile  alkali  it  forms  a  fait  which,  after' be- 
ing gently  dried,  has  a  fourifh  tafle.  9.  It  does  not  percep- 
tibly act  on  the  metals  ;  but  forms,  with  their  calces,  falts  of 
very  difficult  folubility,  which  therefore,  fall  down.    T. 

is 
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is  found,  in  the  courfe  of  a  month,  to  be  changed 
into  good  acetous  acid,  according  to  Scheele. 

If  a  bottle  be  filled  with  frefh  milk,  and 
inverted  beneath  the  furface  of  milk  in  an 
open  veflel,  and  this  be  fubjecled  to  a  degree 
of  heat  a  little  exceeding  that  of  fummer,  at 
the  end  of  twenty-four  hours  the  milk  is 
found  to  be  coagulated ;  the  gas  which  is  de- 
veloped difplaces  the  milk :  a  proof,  according 
to  Scheele,  that  the  vinous  fermentation  has 
taken  place. 

To  decompofe  milk,  and  feparate  its  various 
conitituent  parts,  rennet,  or  the  milk  turned 
four  in  the  iiomach  of  calves,  is  commonly 
made  ufe  of.  For  this  purpofe  the  milk  is 
warmed,  and  twelve  or  fifteen  grains  of  rennet 
is  added  to  each  pint.  Gallium,  the  flowers  of 
thiftle  or  artichokes,  and  the  internal  membrane 
of  the  ltomach  of  birds  dried,  and  reduced  to 
powder,  &c.  are  among  the  fubftances  which 
may  be  ufed  to  turn  milk.  The  whey  obtained 
in  this  manner  is  turbid  ;  but  may  be  clarified  by 
boiling  it  with  white  of  egg,  and  fubfequent  fil- 
tration. 

On  the  mountain  of  Larzac  I  have  feen  the 
dairy  woman  plunge  her  arms  up  to  the  elbows 
in  the  milk,  and  change  their  place  from  time 
fo  time.     This  was  done  with  a  view  to  haiten 

the 
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the  reparation  of  the  principles ;  and  it  is  pro- 
bable that  the  heat,  and  perhaps  certain  emana- 
tions from  the  arm  itfelf,  might  favour  that 
efect 

The  folid  mafs  which  feparates  from  whey, 
contains  two  other  fubftances  very  intcrefting  to 
be  known  ;  name!  v,  cheefe  and  butter. 

If  any  vegetable  or  mineral  acid  be  put  into 
milk,  a  coagulation  follows,  as  is  well  known. 
The  only  difference  is,  that  the  mineral  acid 
affords  lefs  cheefe  or  curd  than  the  vegetable ; 
and  the  various  fubftafices  ufed  to  coagulate 
milk,  may  perhaps  ac~l  merely  by  virtue  of  the 
acid  they  contain.  Olaus  Borrichius  obtained 
an  acid  from  curdled  milk  at  a  degree  of  heat 
incapable  of  decompofing  it.  The  coagulum 
which  is  afforded  in  all  thefe  cafes,  contains 
a  fub fiance  of  the  nature  of  gluten,  which  forms 
the  cheefe;  and  another  fabftance  of  the  na- 
ture of  oils,  which  forms  the  butter.  When 
cheefe  is  prepared  for  the  table,  the  butter  is 
not  feparated,  becaufe  it  renders  it  milder  and 
more  agreeable. 

The  cauflic  alkalis  diflblve  cheefe  by  the 
affiftance  of  heat.  But  it  is  not  held  in  folution 
by  an  alkali  in  milk. 

If  one  part  of  cheefe  newly  feparated,  and 
not  dried,  be  mixed  with  eight  parts  of  water 

flightly 
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(lightly  acidulated  by  a  mineral  acid,  and  the 
mixture  be  boiled,  the  checfe  will  be  difiblved, 
though  it  would  not  have  been  fenfibly  aclcd 
on  by  a  vegetable  acid.  This  is  the  caufe  why 
the  vegetable  acids  feparate  a  much  greater 
quantity  of  curd  from  the  fame  quantity  of  milk 
than  the  mineral  acids  do. 

The  caufe  why  falts,  gums,  fugar,  &x.  coa- 
gulate milk,  may  be  deduced  from  the  greater 
affinity  of  the  water  with  thefe  bodies  than  with 
the  chcefe. 

The  earth  of  checfe  is  a  phofphate  of  lime, 
according  to  Scheele. 

No  fubftance  has  a  flronger  refcmblance  to 
cheefe  than  the  white  of  egg  boiled.  White  of 
egg  is  difiblved  in  diluted  acid,  and  alfo  in 
cauflic  alkali,  and  in  lime-water,  and  is  preci- 
pitated from  them  by  acids. 

Scheele  thinks  that  the  coagulation  of  white 
of  egg,  lymph,  and  cheefe,  is  owing  to  the  com- 
bination of  caloric ;  and  he  proves  his  opinion 
as  follows: — Mix  one  part  of  white  of  egg  with 
four  parts  of  wTater;  pour  in  a  fmall  quantity  of 
pure  alkali ;  add  as  much  muriatic  acid  as  is 
neceflary  to  faturate  it,  and  the  white  of  egg  will 
coagulate.  In  this  experiment  there  is  a  change 
Of  principles.     The  heat  of  the  alkali  combines 

with 
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[Tjmf^^^^of  egg,  and  the  alkali  with  the 
muriatic  acid  *. 

Ammoniac  diflblves  cheefe  more  effectually 
than  fixed  alkalis.  If  a  few  drops  be  poured  into 
coagulated  milk,  it  quickly  caufes  the  coaguluni 
to  difappear.  > 

Concentrated  acids  likewife  diflblve  it.  Ni- 
tric acid  difengages  nitrogene. 

The  curd  dried,  and  placed  in  a  proper  fitua- 
lion  to  undergo  a  commencement  of  the  putrid 
fermentation,  acquires  confiftence,  tafte,  and 
colour.  In  this  flate  it  is  ufed  at  table  by  the 
name  of  Cheefe. 

At  Roquefort,  where  I  have  attended  the 
manipulations  of  the  excellent  cheefe  which  is 
made  there,  care  is  taken  to  prefs  the  curd 
well,  in  order  to  expel  the  whey,  and  to  dry  it 

*  The  reafonlng  of  Scheele  is  more  fully  this: — Heat  co- 
agulates white  of  egg,  without  diminifhing  its  weight : 
whence  he  concludes  coagulated  white  of  Qgg  to  be  a  combi- 
nation of  heat  with  white  of  egg.  Acids  expel  heat  from 
cauftic  alkalis  when  they  combine  with  them,  but  not  from 
mild  alkalis.  A  very  dilute  alkali  is  ufed  in  this  experiment, 
that  the  temperature  may  not  be  raifed,  and  neverthelefs  the 
effect  takes  place ;  but  it  does  not  when  a  mild  alkali  is  ufed. 
Whence  he  concludes  that  the  heat  of  the  cauftic  alkali,  in- 
ftead  of  being  employed  to  raife  the  temperature,  has  entered 
into  combination  with  the  white  of  egg,  and  coagulated  it.  T. 

.   •  as 
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as  accurately  as  pofiible.  After  this  it  is  taken 
into  caves,  where  the  temperature  is  two  or 
three  degrees  above  o.  The  fermentation  is 
developed  by  a  final  I  quantity  of  fait.  The  pu- 
trefaction is  fufpended  by  fcraping  the  furface 
from  time  to  lime ;  and  the  fermentation  thus 
governed  by  art,  and  kept  under  by  the  coohiefo 
of  the  caves,  produces  a  flow  effect  upon  all  thj 
cheefe,  and  fucceflively  develops  the  red  and 
blue  colours,  of  which  I  have  given  the  etiolo- 
gy in  a  Memoir  on  the  Fabrication  of  Cheefe  at 
Roquefort,  prcfented  to  the  Royal  Society  of 
Agriculture,  and  printed  in  the  fourth  volume 
of  the  Annales  Ch uniques  *. 

Butter  is  the  third  principle  contained  in 
milk.  It  is  fcparated  from  the  fcum  and  the 
cafeous  matter  by  rapid  agitation.  The  fubflance 
called  cream  is  a  mixture  of  cheefe  and  butter 
which  floats  on  the  top  of  the  milk.  Violent 
agitation  converts  this  into  froth  ;  in  which  ftate 
it  is  called  whipped  cream. 

Butter  has  a  foft  confidence,  is  of  a  yellow 
golden  colour  more  or  lefs  deep,  of  a  mild 
agreeable  flavour,  melts  eaflly,  and  becomes 
folid  again  by  mere  cooling. 

*  It  is  in  the  fourth  volume  of  the  Annates  de  Chink  that 
the  author  has  inferted  an  extract  from  his  excellent  Memoir 
on  this  fubject.     T. 

Butter 
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Butter  is  eafily  changed,  and  becomes  rancid 
like  oils.  The  acid  which  is  developed  may 
be  carried  off  by  water,  or  by  fpirit  of  wine, 
which  diflblve  it.  Fixed  alkali  diflblves  butter* 
and  forms  a  foap  little  known. 

Diflillation  affords  a  coloured  concrete  oil 
from  butter,  and  a  ftrong  pungent  acid.  This 
oil,  by  repeated  diflillation,  becomes  altered, 
and  refembles  volatile  oils. 

Milk  is  therefore  a  mixture  of  oil,  lymph, 
ferum,  and  fait.  This  mixture  is  weakly  united, 
and  the  union  between  the  principles  is  eafily 
deftroyed.  Milk  is  faid  to  be  turned  when  the 
difunion  of  its  principles  is  effected  by  mere 
repofe ;  but  when  this  feparation  is  made  by  re- 
agents, it  is  faid  to  be  curdhd*  or  coagulated. 


CHAP.      III. 

Concerning  the  Blood. 

BLOOD  is  that  red  humour  which  circulates 
in  the  human  body  by  means  of  the  arteries 
and  reins,  and  fupports  life  by  fupplying  all  the 

*Lait  tonrne  and  la'it  caille.  This  diflintlion  fcarcely  obtains 
jn  the  Englifli  language.     T. 

organs 
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organs  with  the  peculiar  juices  they  demand.  It 
is  this  humour  which  receives  the  product  of  di- 
gefiion  from  the  ftomach,  which  it  elaborates 
and  animalizes.  This  humour  is  with  reafon 
confidered  as  the  focus  of  life.  The  difference 
of  temperaments  with  regard  to  the  pafiions, 
has  been  attributed  to  it  by  all  the  philofbphers 
who  have  treated  this  fubjecl.  It  is  in  vain  that 
phyficians  have  changed  their  fyftem ;  for  the 
opinions  of  the  people  have  been  lefs  verfatile, 
and  they  have  continued  to  attribute  all  the 
fhades  of  temperament  to  the  modifications  of 
the  blood.  It  is  likewife  to  the  alterations  of 
this  humour  that  phyficians  have  for  a  long 
time  afcribed  the  caufe  of  almofi:  every  malady. 
It  is  more  efpecially  entitled  to  the  attention  of 
the  chemift. 

The  blood  varies  in  the  fame  individual,  not 
only  with  regard  to  the  ftate  of  health,  but  like- 
wife  at  the  fame  inflant.  The  blood  which 
circulates  through  the  veins  has  not  the  fame 
intenfity  of  colour,  nor  the  fame  confidence,  as 
that  of  the  arteries ;  that  which  flows  through 
the  organs  of  the  breaft  differs  from  that  which 
7  pafles  languidly  through  the  vifcera  of  the  lower 
belly. 

The  blood  differs  alio — 1.  According  to  the 
age.     la  infancy  it  is  paler  and  lefs  confident. 

2.  Ac- 
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2.  According  to  the  temperament.  Sanguine 
perfons  have  the  blood  of  a  vermilion  red ;  in 
the  phlegmatic  it  is  paler ;  and  in  the  choleric  it 
is  more  yellow. 

The  temperature  of  the  blood  is  not  the  fame 
in  the  feveral  fpecies  of  animals.  Some  have 
the  blood  hotter,  and  fome  colder,  than  the  me- 
dium in  which  they  live.  Animals  With  lungs 
have  the  blood  redder  and  hotter  than  thofe 
which  are  without  that  organ ;  and  the  colour 
and  heat  are  in  proportion  to  the  extent  and  per- 
fection of  the  lungs,  as  M.  BufFon  and  Brouf- 
fonet  have  obfefved. 

The  blood  putrefies  by  a  gentle  heat.  If  it 
be  diftilled  on  the  water  bath,  it  affords  phlegm 
of  a  faint  fmell,  which  eafily  putrefies.  Blood 
dried  by  a  proper  heat  effervefees  with  acids ; 
if  expofed  to  the  air,  it  attracts  humidity;  and 
at  the  end  of  feveral  months  a  faline  effloreA 
cence  is  formed,  which  Rouelle  has  afcertained 
to  be  foda.  If  the  diilillation  of  blood  be 
carried  farther,  the  product  is  acid,  oil,  carbo^ 
nate  of  ammoniac,  &c.  A  fpongy  coal  remains 
m  the  retort,  of  very  difficult  incineration,  in 
which  are  found  fea  fait,  carbonate  of  .foda,  iron-, 
and  phofphate  of  lime. 

Alcohol  and  the  acids  coagulate  the  blood  ; 
alkalis  render  it  more  fluid. 

But 
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But  if  the  blood  received  in  a  {hallow  bafoii 
be  obferved,  the  following  alterations  are  fcen  : 
— It  firf?  becomes  divided  into'  two  very  diftinci; 
fubftancesj  the  one  liquid,  flightly  greenifh,  and 
called  lymph,  or  lerum  ;  and  the  other  reddifh 
and  folic!,  called  the  fibrous  part  of  the  blood. 
Jt  is  this  reparation  of  the  blood  which  has 
caufed  the  exiftence  of  polypi  in  the  larger 
veflels  to  be  credited,  becaufe  concretions  have 
been  found  in  thofe  veflels  after  death.  We 
will  feparatcly  examine  thefe  two  fubflances. 

Serum  has  a  yellow  colour,  inclining  to  green. 
Its  taile  is  flightly  faline.  It  contains  a  difen- 
gaged  alkali,  turns  fvrup  of  violets  green,  and 
hardens  in  a  moderate  heat,  which  is  the  cha- 
racter of  the  lymph.  Serum  diftilled  on  a  wa- 
ter-bath affords  an  infipid  phlegm,  neither  acid 
nor  alkaline,  but  very  readily  putrefying.  When 
this  phlegm  has  palled  over,  the  reiidue  is  tranf- 
parcnt  like  horn,  no  longer  foluble  in  water, 
and  affording  by  diftillation  an  alkaline  phlegm, 
carbonate  of  ammoniac*  and  a  fetid  blackifh 
oil  more  or  lefs  thick  ;  the  remaining  coal  in  the 
retort  is  very  voluminous,  and  very  difficult  to 
incinerate ;  the  afhes  afford  muriate  of  foda 
and  phofphate  of  lime. 

Scrum  eafily  putrefies,  and  then  affords  much 
carbonate  of  ammoniac. 

Vol.  III.  X  Serum 
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Serum  poured  into  boiling  water  coagulates ; 
but  it  contains  a  part  which  is  foluble  in  water, 
to  which  it  communicates  a  milky  colour,  and 
all  the  properties  of  milk,  according  to  Buc- 
quet. 

Alkalis  render  the  ferum  more  fluid,  but 
acids  coagulate  it.  By  filtering  and  evaporat- 
ing the  fluid,  a  neutral  fait  is  obtained,. confid- 
ing of  the  acid  employed,  and  foda.  It  appears 
therefore  that  the  lymph  is  kept  in  the  liquid 
date  by  the  predominating  alkali. 

The  thickened  ferum  affords  mephitis  by  the 
nitric  acid,  afilftcd  by  a  flight  heat ;  if  the  fire 
be  increafed,  nitrous  gas  is  difengaged  :  the  re- 
fidue  affords  the  oxalic  acid,  and  a  portion  of 
malic  acid. 

Serum  is  coagulated  by  alcohol ;  but  the  coa- 
guJum  is  foluble  in  water,  and  in  this  it  differs 
much  from  the  coagulum  formed  by  acids  : 
this  difference  depends  on  the  circumftance  that 
the  alcohol  feizes  the  water  which  diluted  the 
ferum  ;  whereas  the  acid  feizes  the  alkali  which 
difiblved  it. 

The  clot  or  fibrous  part  of  the  blood  likewife 
contains  much  lympi  ;  but  this  may  be  dif- 
engaged by  warning.  The  water  at  the  fame 
time  carries  off  the  colouring  matter,  which  con- 
tains much  iron  :  and  this  coagulated  part,  when 

well 
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well  wafhed,  forms  a  fibrous  white  fubftance 
void  of  fmell ;  which,  diftilled  on  the  water- 
Wh,  affords  an  infipid  phlegm,  eafily  fufcep- 
tible  of  putrefaction.  The  refidue  becomes 
very  dry,  even  by  a  gentle  heat ;  when  fud- 
denly  expofed  to  a  confiderable  heat,  it  fhrinks 
up  like  parchment ;  but  when  diftilled  in  a  re- 
tort it  affords  an  alkaline  phlegm,  carbonate  of 
ammoniac,  oil,  &c.  The  coal,  which  is  lefs  vo* 
luminous  and  lighter  than  that  of  lymph,  af- 
fords the  phofphate  of  lime  by  incineration. 

The  fibrous  part  putrefies  with  confiderable 
quicknefs,  and  affords  much  ammoniac. 

The  alkalis  do  not  diflblve  it,  but  acids  com- 
bine with  it.  The  nitric  acid  difengages  much 
nitrogen  e,  and  afterwards  diffblves  it  with  ef- 
fervefcence,  and  difengagement  of  nitrous  gas. 
The  refidue  affords  oxalic  acid,  and  a  fmall 
quantity  of  the  malic  acid. 

This  fibrous  fubftance  is  of  the  nature  of  the 
mufcular  fibre,  which  caufed  Bordeu  to  call  the 
blood  fluid  fiefh  :  and  long  before  the  time  of 
this  celebrated  phyfician,  Paul  Zacchia  aflerted 
that  "  caro  nihil  aliud  eft  quam  fanguis  concre- 
tus"  (Quefl.  Legalis,  p.  239).  This  fibrous  mat- 
ter is  more  animalized  than  the  lymph ;  and  it 
appears  to  be  prepared  by  the  very  act  of  circu- 
X  a  lation 
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lation  to  concur  in  augmenting  the  parts  of  the 
baman  body. 

Blood  contains  much  Iron.  The  experiments 
of  Menglrini,  Bticquet,  and  Lorry,  prove  that 
this  metal  is  capable  of  palling  into  the  blood 
by  the  firil  paflages,  faicc  patients  who  are  un- 
der a  eourfe  of  martial  medicme  void  it  by  the 
of  urine.  When  the  coagulated  part  of 
blood  has  been  warned,  if  that  part  which 
has  retained  the  colouring  matter  be  burned, 
and  the  cod  be  lixiviated,  the  refidue  of  this 
lixivium  is  in  the  {late  of  iaffron  of  mars,  of  a 
fine  colour,  and  ufually  obedient  to  the  magnet. 

The  colour  of  blood  has  been  attributed  to 
iron  ;  and  it  is  very  true  that  the  colour  appears 
to  be  entirely  formed  of  it,  for  there  exifls  no 
ige  of  this  metal  in  the  warned  and  difco- 
kxired  coagulum  ;  but  as,  on  the  other  hand,  the 
blood  does  not  become  coloured  without  the 
con  eourfe  of  air,  and  as  oxigene  alone  is  ab- 
forbed  in  refpirarion,  it  appears  that  the  co- 
lour is  owing  to  iron  calcined  by  the  pure  air, 
and  reduces!  to  the  ftate  of  red  oxide. 

From  this  manner  of  conceiving  the  pheno- 
menon, we  may  perceive  why  animal  fubflanccs 
arc  {o  advantageous  in  affiiiing  and  facilitating 
the  red  dye,  and  why  thefe  fubftanccs  take 
colours  more  eafily.   - 

CHAP. 
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CHAP,      IV. 


Concerning  Fat, 


FAT  is  a  condenfed  inflammable  juice  con- 
tained in  the  cellular  membrane  :  its  co- 
lour is  ufually  white,  but  fometimes  yellow  ; 
its  tafie  infipid ;  and  its  confidence  more  or  !efs 
firm,  in  the  various  fpccies  of  animals.  In  ce- 
taceous and  other  fith,  it  is  nearly  fluid  ;  in  car- 
nivorous animals  the  fat  is  more  fluid  than  in 
frugivorous  animals,  according  to  Mr.  De  Four- 
croy.  In  the  fame  animal  it  is  more  folid  near 
the  kidneys,  and  under  the  fkin,  than  in  the  vi- 
cinity of  the  moveable  yifcera;  as  the  animal 
grows  old,  the  fat  becomes  yellow,  and  more 
folid.  Confult  De  Fourcrojtf  To  obtain  fat  in 
a  ftate  of  purity,  it  is  cut  into  finall  pieces  ;  the 
membranes  and  fmaller  veflels  are  feparated ; 
it  is  warned,  then  fufed  with  a  fin  all  quantity  of 
water,  and  kept  in  fufion  until  all  the  water  is 
evaporated.  This  laft  fluid  which  floats  above  it, 
boils;  and  when  the  ebullition  ceafes,  it  is  a 
proof  that  all  the  water  is  diffipated. 

Fat  has  the  greateft  analogy  with  oils.     Like 
X  3  them 
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them  it  is  not  mifcible  with  water ;  it  forms 
foaps  with  alkalis ;  and  burns  in  the  open  air,  by 
the  contact  of  an  ignited  fubftance,  at  a  fuffi- 
cient  heat. 

Neumann  treated  the  fat  of  the  goofe,  of  the 
hog,  of  the  fheep,  and  of  the  ox,  in  a  glafs  retort 
by  a  graduated  fire.  He  obtained  phlegm,  an 
empyreumatic  and  brownifh  oil,  and  a  brilliant 
coal.  He  concludes  from  his  analyfis  that  there  is 
little  difference  between  fats;  and  that  that  of  the 
ox  appears  only  to  contain  a  little  more  earthy 
matter.  This  very  imperfect  analyfis  throws  no 
light  on  the  nature  of  fat ;  and  we  are  indebted 
to  Mefirs.  Segner  and  Crell  for  experiments  of 
a  much  more  interefling  kind.  We  fhall  relate 
the  chief. 

i.  Beef  fuet  diftilled  on  the  water-bath,  in 
a  glafs  retort,  affords  oil  and  phlegm ;  it  forms 
foaps  with  potafh :  the  reddifh  phlegm  has  an 
acid  tafte ;  efFervefces  with  alkali,  without  red- 
dening the  fyrup  of  violets,  which  afiumes  a 
brown  colour  by  this  mixture. 

a.  The  marrow  of  beef  affords  the  fame  pro- 
duels,  excepting  that  a  fubftance  firft  pafies 
over  of  the  confidence  of  butter.  The  phlegm 
has  no  fmell  when  cold.  Fixed  alkali  occafions 
a  weak  efFervefcence. 

M.  Crell  has  inftrucled  us  in  the  means  of 

obtaining 
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obtaining  a  peculiar  acid  from  fat,  which  is  at 
prefent  diilinguifhed  by  the  name  of  the  Sebacic 
Acid. 

He  at  nVft.  attempted  to  concentrate  this  acid 
by  diftilling  off  the  phlegm ;  but  this  did  not 
fucceed,  for  the  liquid  in  the  receiver  was  as 
acid  as  that  in  the  retort.  He  then  faturated 
all  the  acid  with  potafh,  and  obtained  a  brown - 
ifh  fait  by  evaporation,  which  he  fufed  in  a 
crucible,  to  burn  the  oil  which  contaminated 
it.  This  fait,  by  folution  and  evaporation,  af- 
forded a  foliated  fait.  He  poured  four  ounces  of 
fulphuric  acid  upon  ten  ounces  of  the  fait,  and 
diltilled  by  a  very  gentle  fire.  The  lebacic  acid 
palled  over  in  the  form  of  a  greyifli  vapour; 
and  half  an  ounce,  very  fuming  and  acrid,  was 
found  in  the  receiver.  Crell  obferves  that,  in 
order  to  fucceed  in  this  operation,  the  fait  mud 
be  kept  a  long  time  in  fulion,  without  which 
the  acid  would  be  mixed  with  oil,  which  weakens 
its  virtue. 

By  diftillation  of  fat  in  a  copper  alembic, 
Mr.  Crell  obtained  the  pure  acid.  But  the  fire 
neceffary  for  this  purpofe  alters  the  veflel, 
caufes  the  tin  to  run  off,  and  the  acid  itfelf  be- 
comes charged  \vith  copper. 

It   has   long   been   known   that   the   alkalis 

form   a   kind  of  foap   with   animal   fat.     Mr. 

X  4  Crell, 
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Crell,  by  treating  this  foap  with  a  folution 
of  alum,  feparated  the  oil,  and  obtained  the  fe- 
bate  of  potafh  by  evaporation  :  the  fulphuric 
acid  afterwards  diftilled  from  this  fait,  decom- 
pofes  it ;  and  by  this  means  the  febacic  acid  is 
feparated. 

Mr.  De  Morveau  melted  fuet  in  an  iron  pot ; 
and  to  this  he  added  pulverized  quicklime, 
taking  care  to  ftir  it  continually  at  the  com- 
mencement ;  at  the  end  of  the  operation,  a  con- 
fiderable  heat  was  applied,  taking  care  to  raife  the 
vefTels,  in  order  to  avoid  expofure  to  the  va- 
pours. When  the  whole  was  cold,  it  was  found 
that  the  fuet  had  no  longer  the  fame  folidity.  i 
This  was  boiled  in  a  large  quantity  of  water  ; 
and  the  lixivium,  after  filtration,  afforded  a 
brown  acrid  fait,  which  is  the  febate  of  lime. 
This  fait  is  foluble  in  water,  but  would  require 
too  much  time  to  purify  it  by  repeated  crystal- 
lizations. This  purpofe  is  more  eafily  anfwered 
by  expofing  it  to  a  degree  of  heat  capable  of 
burning  the  oil  ;  after  which,  a  tingle  folutioq 
is  fufficient  to  purify  it.  It  leaves  its  oil  upon 
the  filtre  in  the  itate  of  coal ;  and  nothing  more 
is  then  neceflary  than  to  evaporate  it. 

The  folution  ufually  contains  a  fmall  quan- 
tity of  quicklime,  which  may  be  precipitated 
by  the  carbonic  acid.     This  fait,  treated  in  the 

fame 
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fame  manner  as  the  febate  of  potafh,  affords 
the  febacic  acid. 

This  acid  cxifts  ready  formed  in  fuet :  two 
pounds  afforded  fomewhat  more  than  feven 
ounces  to  Crell.  It  exifts  ready  formed  in  the 
fat,  firice  earths  and  alkalis  difengagc  it. 

It  has  the  great  eft  affinity  with  the  muriatic 
acid,  as  it  forms  with  potafli  a  fait  which  melts 
in  the  fire  without  being  decompofed :  it  acts 
powerfully  on  gold,  when  mixed  with  nitric 
acid ;  it  precipitates  filver  from  the  nitrate  of 
filver ;  it  forms  a  fublimate  with  mercury,  and 
the  folution  of  this  fublimate  is  not  rendered 
turbid  by  the  muriate  of  foda.  But  though 
this  acid  approaches  the  muriatic  in  feveral  re- 
fpccls,  it  differs  from  it  in  others,  and  hitherto 
fecms  to  be  nothing  but  a  modification  of  that 
acid.  With  foda,  it  forms  cryftals  in  needles, 
and  a  cryllallized  fait  with  lime.  It  decom- 
pofes  common  fait,  &c. 

Mr.  Crell  obtained  the  acid  of  fat  by  diftil- 
lation  from  the  butter  of  cacao.  Spermaceti 
likewife  affords  it. 

The  properties  of  this  acid  are  the  follow- 
ing : 

It  reddens  blue  vegetable  colours. 

It  afliimes  a  yellow  colour  by  fire,  and  leaves 
a  rctidue,  which  announces  a  partial  decompo- 

fition. 
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fition.  From  this  circumfiance,  Mr.  Crell  coru 
fiders  it  as  occupying  the  middle  fpace  be- 
tween the  vegetable  acids  which  are  destroyed 
by  fire,  and  the  mineral  which  receive  no  al- 
teration. Its  exiftence  in  the  butter  of  cacao, 
and  in  fats,  is  favourable  to  the  notion  of  Crcll 
on  this  fubjec~l. 

It  attacks  the  carbonates  of  lime  and  alkali 
with  effervefcence,  and  with  them  forms  falts 
which  Bergmann  finds  to  be  very  fimilar  to  the 
acetites  with  the  fame  bafis. 

This  acid,  as  Mr.  De  Morveau  obferves, 
feems  to  have  fome  action  upon  glafs.  Mr. 
Crell  having  digeiled  it  feveral  times  upon  gold, 
always  obtained  a  precipitate  of  white  earth, 
which  was  not  lime,  but  which  he  prefumes  to 
have  been  carried  up  in  the  diftillation,  and 
could  only  arife  from  the  retort  itfelf. 

This  acid  docs  not  perceptibly  act  on  gold  ; 
but  it  attacks  the  oxide,,  and  forms  a  cryilal- 
lizable  fait,  as  it  does  likewife  with  the  preci- 
pitates of  platina. 

It  unites  with  mercury  and  with  filver  ;  yield- 
ing the  latter  to  the  muriatic  acid,  but  not  the 
former :  it  takes  both  from  the  fulphuric  acid, 
lead  from  the  nitric  and  acetous  acids,  and  tin 
from  the  nitro-muriatic  acid. 

It  attacks  neither  bifmuth,  cobalt,  nor  nickel. 
8  It 


Acid  of  Fat.     Bile.  315 

It  does  not  decompofe  the  fulphates  of  cop- 
per, of  iron,  or  of  zinc ;  nor  the  nitrates  of 
arfenic,  manganefe,  zinc,  &c. 

It  reduces  the  oxide  of  arfenic  by  diftillation. 
Crell  formed  a  febacic  ether.  £ 

From  this  analyfis  it  appears  that  fat  is  a  kind 
of  oil  or  butter  rendered  concrete  by  an  acid. 

Its  ufes  are — 1.  To  keep  up  the  heat  of  the 
body,  and  defend  the  vifcera  from  the  impref- 
fion  of  external  cold.  2.  To  ferve  as  nourifh- 
ment  or  fupport  for  the  animal  on  the  occafions 
of  want,  ficknefs,  &c. 


CHAP.      V. 

Concerning  the  Bile. 

THE  Bile  is  one  of  thofe  humours  which 
it  fs  effential  to  know,  on  account  of  the 
influence  and  eifec~l  it  has  both  in  the  ftates  of 
health  and  diforder.  We  fhall  even  fee  that  its 
analyfis  is  fufficicntly  perfect  to  afford  inftruc- 
tion  in  an  infinity  of  cafes. 

This  humour  is  feparated  in  a  large  vifcus 
of  the  lower  belly,  called  the  Liver;  it  is 
afterwards  depofited  in  a  bladde/,  or  refer- 
voir,  called  the  Gall  Bladder ;  from  which  it  is 

conveyed 
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conveyed  into  the  duodenum  by  a  particular 
.channel. 

The  bile  is  glutinous,  or  imperfeclly  fluid, 
like  oil ;  of  a  very  bitter  tafte ;  a  green  colour, 
inclining  to  yellow ;  and  froths  by  agitation  like 
the  folution  of  foap. 

If  it  be  diftilled  on  the  water-bath,  it  affords  a 
phlegm,  which  is  neither  acid  nor  alkaline,  but 
putrefies.  This  phlegm,  according  to  the  ob- 
fervation  of  Mr.  De  Fourcroy,  often  emits  a 
fmell  refembling  that  of  mulk :  bile  itfelf  has 
the  fame  property,  according  to  the  general  ob- 
fervation  of  butchers.  When  the  bile  has  gi- 
ven out  all  the  water  it  is  capable  of  affording 
upon  the  water-bath,  the  refldue  is  a  dry  extract, 
which  attracts  the  humidity  of  the  air,  is  tena- 
cious, pitchy,  and  foluble  in  water.  By  diftil- 
lation  in  a  retort,  it  affords  ammoniac,  an  em- 
pyreumatic  animal  oil,  concrete  alkali,  and 
inflammable  air.  The  coal  is  more  'eaflly  in- 
cinerated than  that  we  have  lafl  treated  of.  It 
contains  iron5  carbonate  of  foda,  and  phofphate 
of  lime. 

All  the  acids  decompofe  bile ;  and  difengage 
an  oily  fubftance,  which  rifes  to  the  top.  The 
falts  afterwards  obtained  by  evaporation,  have 
foda  for  their  bails ;  which  fhews  that  the  bile 
is  a  true  animal  foap.  The  oil  which  is  com- 
bined 
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bined  with  foda  is  analogous  to  refins,  is  foluble 
in  (pint  of  wine,  &c. 

The  metallic  folutions  decompofe  bile  by 
double  affinity,  and  produce  metallic  foaps. 

Bile  unites  with  oils,  and  cleans  fturrs  in  the 
fame  manner  as  foap, 

Bile  is  foluble  in  alcohol,  which  feparates  the 
albuminous  principle.  It  is  this  laft  fubftance 
which  renders  bile  coagulable  by  fire  and  by- 
acids  ;  and  it  is  this  likewise  which  haftens  its 
putrefaction* 

The  conftituent  principles  of  bile  arc,  water, 
a  fpiritus  rector,  a  lymphatic  fubftance,  a  re- 
finous  oil,  and  foda.  Mr.  Cadet  has  found  a 
fait  in  it,  which  he  thought  iimilar  to  fugar  of 
milk ;  this  fait  is  probably  no  other  than  that 
which  was  difcovered  by  Mr.  Poulletier. 

Bile  is  therefore  a  foap,  refulting  from  the 
combination  ui  foda  with  a  matter  of  the  na- 
ture of  r  nd  a  lymphatic  fubftance,  which 
renders  it  fufccptible  of  putrefaction  and  coagu- 
lation. This  fubftance  gives  the  bile  the  cha- 
racter of  animalization,  dimintihes  its  acridity, 
and  favours  its  mixture  with  the  other  humours. 
The  faline  part  renders  the  bile  more  fluid  and 
foluble  in  water;  and  it  is  more  acrid  the  more 
this  principle  about] 

The  refinous  part  differs  from  vegetable 

fins  — 
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fins — i.  Becaufe  thefe  do  not  form  foap  with 
fixed  alkalis.  2.  Becaufe  they  are  more  acrid 
and  more  inflammable.  3.  Becaufe  the  animal 
refin  melts  at  the  temperature  of  40  degrees, 
and  acquires  a  fluidity  fimilar  to  that  of  fat ; 
from  which  however  it  differs  in  not  being  fo- 
luble  in  alcohol,  in  which  refpect  it  approaches 
to  fpermaceti. 

The  acids  which  act  upon  bile  in  the  firft  paf- 
fages,  decompofe  it.  The  greenifh  yellow  co- 
lour of  the  excrements  of  infants  at  the  breaft, 
arifes  from  a  fimilar  decompofition ;  and  it  i> 
the  refinous  part  which  tinges  them.  From  the 
action  of  the  bile  upon  acids,  we  may  deduce 
the  effect  of  thefe  remedies  when  the  evacua- 
tions are  putrid,  and  the  degeneration  of  the 
bile  is  feptic.  The  lymph  is  then  coagulated, 
and  the  excrements  become  harder.  This 
fhews  the  reafon  why  the  excrements  of  infants 
are  fo  frequently  clotted. 

When  the  bile  remains  a  long  time  in  the 
firfl  paflages,  as  for  example  in  chronical  dif- 
orders,  it  affumes  a  black  colour,  becomes  thick, 
acquires  the  confidence  of  an  unguent,  and 
forms  a  lining  of  feveral  lines  in  thicknefs  in 
the  inteflinal  canal,  according  to  the  obferva- 
tion  of  Mr.  De  Fourcroy.  When  fmeared  on 
paper,  and  dried,  it  becomes  green  ;  diluted  with 

water, 
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water,  it  forms  a  tincture  of  a  yellow  green  co- 
lour, from  which  a  large  quantity  of  black 
fcales  are  precipitated :  with  alcohol  it  likewife 
forms  a  black  tincture,  and  depofits  that  lami- 
nated brilliant  fait  difcovered  in  biliary  calculi 
by  Mr.  Poulletier  dc  la  Salle.  This  humour, 
which  forms  the  atra  bilis  of  the  ancients,  is 
nothing  but  the  bile  rendered  thick ;  and  in 
this  cafe  the  effect  of  acids,  and  the  danger  of 
irritating  fubftances,  may  be  eafily  accounted 
for.  This  thickening  of  the  bile  clogs  the  vis- 
cera of  the  lower  belly,  and  produces  ob- 
ftruclions. 

Many  diforders  arc  referable  to  the  predomi- 
nant character  of  the  bile.  On  this  fubject, 
the  interefling  Memoirs  of  Mr.  De  Fourcroy 
may  be  confulted,  in  the  collection  of  the  Royal 
Society  of  Medicine   for  the  years  1782  and 

'783- 

"When  the  bile  becomes  thick  in  the  gall 
bladder,  it  forms  the  concretions  called  biliary 
calculi.  Mr.  Poulletier  has  paid  great  atten- 
tion to  the  analyfis  of  thefe  ftones.  He  has 
obferved  that  they  are  foluble  in  ardent  fpirit. 
When  the  folution  is  left  to  itfelf  for  a  certain 
time,  brilliant  and  light  particles  are  feen  in  it, 
which  Mr.  Poulletier  found  only  in  the  hu- 
man 
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man  calculi,  and  which  appeared  to  him  to  have 
the  greatefl  analogy  with  the  fait  of  benzoin. 

Mr.  Fourcroy  has  obferved  that  the  difcovery 
of  Mr.  De  la  Salle  has  been  confirmed  by  the 
Royal  Society  (of  Medicine),  which  has  re- 
ceived feveral  biliary  calculi  that  appeared  to  be 
formed  by  a  fait  analogous  to  that  which  was 
obferved  by  this  chemift.  They  confift  of 
mafles  of  tranfparent  cryflalline  plates,  fimilar 
to  mica  or  talci  The  Society  of  Medicine  pof- 
fefies  in  its  collection  a  gall  bladder  entirely 
filled  with  this  faline  concretion  t 

We  may  therefore,  as  Mr.  De  Fourcroy  ob- 
ferves,  admit  of  two  kinds  of  calculi:  the  one 
are  opake,  and  are  afforded  only  by  the  con- 
denfed  bile ;  the  others  confift  of  the  cryftals  We 
have  defcribed. . 

Boerhaave  obferved,  long  fince,  that  the  gall 
bladder  of  oxen,  at  the  end  of  the  winter,  was 
filled  with  calculi,  but  that  the  frefh  pafturage 
diffipated  thefe  concretions. 

Soaps  have  been  propofed  as  folvents  for 
thefe  calculi.  The  Academy  of  Dijon  has  pub- 
lifhed  the  fuccefs  of  a  mixture  of  eflence  of 
turpentine  and  ether.  Frefh  vegetables,  which 
are  fuch  fovereign  remedies  in  deftroying  thefe 
concretions,  owe  their   virtue   perhaps  to   the 

circum- 
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circumftance  that  they  develop  an  acid  in  the 
flomach,  as  we  have  obferved  in  treating  of  the 
gaflric  juice. 

The  ufe  of  the  bile,  in  the  animal  ceconomy, 
confiits,  no  doubt,  in  dividing  thofe  fubflances 
which  have  undergone  a  firil  digeftion  in  the 
ftomach ;  and  in  giving  efficacy  and  force  to  the 
motion  of  the  interlines.  When  its  flux  is  in- 
terrupted, it  abounds  in  the  blood,  and  the 
whole  body  becomes  of  a  yellow  tinge. 

The  bile  or  gall  is  an  excellent  vulnerary, 
externally  applied :  internally  taken,  it  is  a 
good  ftomachic,  and  one  of  the  beft  deobftru- 
ents  the  art  of  medicine  poflefles.  >  This  kind 
of  remedies  deferves  the  preference,  as  being 
more  analogous  to  the  conftitution  ;  and  bile 
is  a  proper  medicine  when  the  digeftion  lan- 
guifhes,  or  the  vifecra  of  the  lower  belly  are 
clogged. 

Bile,  like  other  foaps,  removes  fpots  of  oil, 
or  other  greafy  matter,  from  fubflances  to  which 
they  are  adherent. 


voi.nr.  Y  chap. 
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CHAP.        VI. 

Concerning  the  Soft  and  White  Parts  of  Animals. 

THESE  parts  are  perhaps  lefs  known  than 
thofe  of  which  we  have  jufl  treated :  but 
their  analyfis  is  not  lefs  interefting:  we  may  even 
affirm  that  it  is  more  fo ;  becaufe  the  application 
of  the  knowledge  we  may  acquire  on  this  fub- 
ject,  will  daily  prefent  itfelf  in  the  common  eft 
purpofes  of  domeftic  life. 

All  the  parts  of  animals,  whether  membranes, 
tendons,  aponeurofes,  cartilages,  ligaments,  or 
even  the  Ikin  and  horns,  contain  a  mucous 
fubftance  very  foluble  in  water,  but  not  in  al- 
cohol, and  known  by  the  name  of  Jelly.  No- 
thing need  be  done  to  obtain  it,  but  to  boil 
thefe  animal  fubfiances  in  water,  and  concen- 
trate the  decoction,  until  by  mere  cooling  it  af- 
fumes  the  form  of  a  folid  tremulous  mafs. 

Jellies  are  very  common  in  our  kitchens; 
and  the  cooks  are  perfectly  well  acquainted  with 
the  methods  of  making  them,  and  of  giving 
them  folidity  when  the  temperature  of  the  atmo- 
fphere  is  very  hot.  The  jelly  of  harts-horn  is 
extracted  by  a  fimilar  operation,  and  afterwards 

rendered 
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rendered  white  with  the  milk  of  almonds.  This 
kind  of  food,  duly  fcented,  is  ferved  up  at  our 
tables  by  the  name  of  blanc  manger.  Jellies  are 
in  general  reftorative  and  nourifhing :  that  of 
harts-horn  is  aftringent  and  emollient. 

Jellies  in  general  have  no  fmell  in  their  na- 
tural Hate,  and  their  tafle  is  infipid.  By  dis- 
tillation they  afford  an  infipid  and  inodorous 
phlegm,  which  eaiily  putrefies.  A  ltronger 
heat  caufes  them  to  fwell  up,  become  black, 
and  emit  a  fetid  odour,  accompanied  with  white 
acrid  fumes.  An  alkaline  phlegm  then  pafles 
over,  fucceeded  by  an  empyreumatic  oil,  and  a 
little  carbonate  of  ammoniac.  A  fpongy  coal 
remains,  which  is  with  difficulty  reduced  to 
afhes,  and  affords  by  analyfis  muriate  of  foda 
and  phofphate  of  lime. 

Jelly  cannot  be  kept  above  a  day  in  the  fum- 
mer,  or  two  or  three  in  the  winter.  When  it 
becomes  fpoiled,  white  livid  fpots  are  formed 
on  its  furface,  which  fpeedily  extend  to  the 
bottom  of  the  pots.  A  large  quantity  of  ni- 
trogenous, hydrogenous,  and  carbonic  gas  is 
emitted. 

Water  diflblves  jellies  perfectly.     Hot  water 

diflblves   a    large    quantity,    as    they   become 

confiflent    only    by    cooling.     Acids    likewife 

diflblve  them,  and  alkalis  more  efpecially  do. 

Y  a  The 
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The  nitric  acid  difengages  nitrogene  gas,  ac- 
cording to  the  fine  experiments  of  M.  Berthollet. 

When  jelly  has  been  extracted  without  long 
decoction,  and  has  no  lymph  mixed  with  it,  it 
then  potteries  mod  of  the  characters  of  the  ve- 
getable jelly :  but  it  is  feldom  obtained  with- 
out a  mixture  of  lymph  ;  and  in  this  cafe  it 
eflentially  differs  from  the  vegetable  jellies,  in 
affording  nitrogene  gas  and  ammoniac. 

I{  jelly  be  concentrated  to  fuch  a  degree  as 
to  give  it  the  form  of  a  cake,  it  is  deprived  of 
the  property  of  putrefying :  and  by  this  means 
the  dry  or  portable  fbups  are  formed,  which 
may  be  of  the  greater!  advantage  in  long 
voyages.  The  following  is  a  receipt  for  pre- 
paring thefe  cakes : 

Calves  feet         -         4 
Leg  of  beef      -       12  pownds. 
Knuckle  of  veal     -     3  pounds. 
Leg  of  mutton     -     10  pounds. 

Thefe  are  to  be  boiled  in  a  fufficient  quan- 
tity of  water,  and  the  fcum  taken  off  as  ufual ; 
after  which  the  foup  is  to  be  feparated  from  the 
meat  by  flraining  and  preffure.  The  meat  is 
then  to  be  boiled  a  fecond  time  in  other  water ; 
and  the  two  decoctions,  being  added  together, 
muft  be  left  to  cool,  in  order  that  the  fat  may  be 
exactly  feparated.  The  foup  muft  then  be  cla- 
rified 
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rifled  with  five  or  fix  whites  of  eggs,  and  a  fuf- 
ficient  quantity  of  common  fait  added.  T he- 
liquor  is  then  firained  through  flannel,  and  eva- 
porated on  the  water-bath  to  the  confidence  of 
a  very  thick  pafte ;  after  which  it  is  fpread  ra- 
ther thin  upon  a  fmooth  ftone,  then  cut  into 
cakes,  and  laftly  dried  in  a  ftove  until  it  be- 
comes brittle :  thefe  cakes  are  kept  in  well 
clofed  bottles.  The  fame  procefs  may  be  ufed 
to  make  a  portable  foup  of  the  fkjfh  of  poultry  ; 
and  aromatic  herbs  may  be  ufed  as  a  feafoning, 
if  thought  proper. 

Thefe  tablets  or  cakes  may  be  kept  four  or  five 
years.  When  intended  to  be  ufed,  the  quan- 
tity of  half  an  ounce  is  put  into  a  large  glafs  of 
boiling  water,  which  is  to  be  covered,  and  fet 
upon  hot  afhes  for  a  quarter  of  an  hour,  or  un- 
til the  whole  is  entirely  diflblved.  It  forms  an 
excellent  foup,  and  requires  no  addition  but  a 
fmall  quantity  of  fait. 

The  cakes  of  hockiac,  which  are  prepared  in 
China,  and  are  known  in  France  by  the  name 
of  colle  de  peau  d'dne,  are  made  with  animal  fub- 
ftances.  They  are  ufed  in  diforders  of  the  lungs, 
in  the  dofc  from  half  a  dram  to  two  drams. 

The  nature  of  the  Jubilances  made  ufe  of, 

and   the   method  of  operating,    produce  fome 

difference  in  thefe  products.     Old  or  lean  ani- 

Y  3  mals 
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mals  afford  in  general  a  better  glue  than  the 
young  and  fat.  For  a  full  account  of  the  art  of 
making  glue,  confult  UArt  defaire  differentes  Ef- 
faces de  Colle,  far  M.  Duhamel  de  Monceau,  de 
VAcademie  des  Sciences. 

1.  To  make  the  ftrong  or  Englifh  glue, 
the  parings  of  leather,  the  Ikins  of  animals, 
with  the  ears  of  oxen,  calves,  fheep,  &c.  are 
ufed.  Thefe  matters  are  firft  digefted  in  water, 
to  penetrate  the  texture  of  the  fkins  ;  they  are 
afterwards  fteeped  in  lime  water,  taking  care  to 
ftir  and  agitate  them  from  time  to  time ;  they 
are  then  laid  in  a  heap  for  fome  time,  afterwards 
wafhed,  and  the  fuperabundant  water  prefled 
out  by  a  prefs.  Thefe  Ikins  are  then  digefted  in 
water  gradually  heated  to  ebullition.  The  li- 
quor is  afterwards  poured  out,  and  feparated  with 
preffure.  Laftly,  it  is  thickened  by  evaporation 
of  the  water  by  heat,  and  poured  on  flat  polifhed 
ftones,  or  into  moulds,  and  left  to  dry  and  harden. 

This  glue  is  brittle.  It  is  foftened  by  heating 
it  with  a  fmall  quantity  of  water  for  ufe,  and  is 
applied  with  a  brufh.  Carpenters  and  cabinet- 
makers ufe  it  to  faften  pieces  of  wood  together.^ 

1.  The  glue  of  Flanders  is  merely  a  dimi- 
nutive of  the  ilrong  glue.     It  has  not  the  fame 
confiftence,    and  cannot  be  ufed  in    glueing 
wood ;   it  is  thinner  and  more  tranfparent  than 
2,  the 
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the  former.  It  is  made  with  a  more  accurate 
choice  of  materials,  and  with  greater  care.  It 
is  ufed  by  defigners.  Mouth  glue  is  made  of 
this,  to  flick  paper  together,  by  fufing  it  again 
with  the  addition  of  a  fmall  quantity  of  water, 
and  four  ounces  of  fugar-candy  to  a  pound  of 
the  glue. 

3.  The  colle  de  gand  is  made  with  the  clip- 
pings of  white  gloves,  well  flecped  in  water,  and 
boiled :  it  is  likewife  made  with  the  clippings 
of  parchment.  In  order  that  thefe  two  kinds  of 
glue  may  be  fit  for  ufe,  it  is  neceffary  that  they 
be  of  the  confidence  of  a  tremulous  jelly  when 
cold*. 

4.  Fifh-glue,  or  ifinglafs,  is  made  of  the 
mucilaginous  parts  of  a  large  fifh  commonly 
found  in  the  Ruffian  feas.  The  fkin,  the  fins, 
and  the  nervous  parts,  are  cut  into  flices, 
boiled  on  a  flow  fire  to  the  confidence  of  jelly, 
fpread  out  to  the  thicknefs  of  a  fheet  of  paper, 
and  formed  into  cakes  or  long  pieces,  fuel* 
as  we  receive  them  from  Holland.  The  filk 
manufacturers,  and  more  efpecially  the  ribbon 
weavers,  ufe  it  to  give  a  luftre  to  their  goods : 
it  is  alfo  ufed  to  ftiffen  gauzes  ;  and  to  clarify  or 
fine  wine,  by  mixing  a  folution  of  this  fubftance 

*  Thefe  weaker  glues  are  called  Size  by  our  workmen, 
who  apply  the  name  of  Glue  to  the  ftrong  glue  only.    T. 

Y  4  with 
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with  it.  Ifinglafs  enters  into  the  compofition 
of  fome  plafters.  It  is  excellent  to  correct 
acrid  humours,  and  terminate  obftinate  vene- 
real diforders. 

Gilders'  fize  is  made  by  boiling  eel-fkins  in 
water  with  a  fmall  quantity  of  lime:  the  water 
is  {trained  off,  and  fome  whites  of  eggs  added. 
When  it  is  intended  to  be  ufed,  it  is  heated, 
applied  to  the  furface  intended  to  be  gilded, 
and  when  it  is  dry  the  gold  leaf  is  laid  on. 

5.  The  glue  of  mails  is  made  by  expoling 
fnails  to  the  fun,  and  receiving  in  a  glafs  the 
fluid  which  flows  from  them,  This  liquor  is 
mixed  with  the  juice  of  milk  thiftle.  It  is  ufed 
to  cement  glafles  together,  which  are  afterwards 
expofed  to  the  fun  to  dry. 

6.  To  make  the  glue  of  parchment,  or  parch- 
ment fize,  two  or  three  pounds  of  the  clippings 
of  parchment   are   put   into   a  pail  of  water. 
Thefe  are  boiled  until  half  the  water  is  evapo- 
rated ;  after  which  the  whole  is  ftrained  through 

a  cloth,  and  left  to  fettle. 

The  glue  or  fize  ufed  in  the  paper  manufac- 
tories, to  fortify  the  paper,  and  to  repair  its  de- 
fects, is  made  with  wheat  flour  diffufed  in  boil- 
ing water,  and  ftrained  through  a  fieve.  This 
fize  muft  be  ufed  the  following  day,  and  neither 
fooner  nor  later.  The  paper  is  afterwards  beat 
j  with 
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with  a  mallet,  fized  a  fecond  time,  put  into  the 
prefs  to  fmooth  and  unite  it,  and  afterwards 
extended  by  hammering. 


CHAR       VII. 

Concerning  the  Mufcular  or  Flejhy  Parts. 

THE  mufcles  of  animals  are  formed  of 
longitudinal  fibres  connected  together 
by  the  cellular  membrane,  and  impregnated 
with  various  humours,  in  which  we  find  partly 
thofe  we  have  already  examined  feparately. 

The  analyfis  of  thefe  fubflances  by  diftilla- 
tion  afforded  us  little  inftruclion  reflecting 
their  nature.  The  products  were,  water  which 
eafily  became  putrid,  alkaline  phlegm,  empy- 
reumatic  oil,  carbonate  of  ammoniac,  and  a 
coal  which  afforded  by  incineration  a  fmall 
quantity  of  fixed  alkali,  and  feb:  (alt. 

The  procefs  which  fucceeds  the  berl:  for  fe- 
parately obtaining  the  various  fubflances.  which 
compofe  mufcles,  is  the  following,  which  has 
been  pointed  out  to  us  by  Mr.  De  Fourcroy. 

1.  The  mufcle  is  firft  wafhed  in  cold  water: 
by  this  means  the  colouring  lymph,  and  a  faliae 

fubftance, 
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fabftance,  are  taken  up.  By  flow  evaporation 
of  this  water,  the  lymph  coagulates,  and  may 
be  feparated  by  the  filtre  ;  and  a  continuance  of 
the  evaporation  affords  the  faline  matter. 

a.  The  refidue  of  the  firft  wafhing  is  digefted 
in  alcohol,  which  difTolves  the  extractive  maU 
ter,  and  a  portion  of  the  fait :  the  extract  is  fe- 
parated by  the  evaporation  of  the  alcohol. 

3.  The  refidue  of  thefe  firft  operations  is  to 
be  boiled  in  water,  which  takes  up  the  jelly,  the 
fat  part,  and  the  remaining  faline  and  extractive 
matters.  The  fat  oil  fwims  on  the  furface,  and 
may  be  taken  off. 

4.  After  thefe  operations,  there  remains  only 
a  white  infipid  fibrous  fubftance,  infoluble  in 
water ;  which  contracts  by  heat,  like  other  ani- 
mal fubftances ;  affords  ammoniac,  and  very 
fetid  oil,  by  diftillation.  Nitrogene  gas  is  ob- 
tained from  it  by  the  nitric  acid.  It  poffeffes 
all  the  characters  of  the  fibrous  part  of  the 
blood,  in  which  fluid  it  is  formed,  to  be  after- 
wards depofited  in  the  mufcles,  where  it  re- 
ceives the  laft  character  appropriated  to  it. 

Mr.  Thouvenel,  to  whom  we  are  indebted 
for  interefting  refearches  on  this  fubject,  has 
found  in  flefh  a  mucous  extractive  fubftance, 
foluble'  in  water  and  in  alcohol,  poflefling  a 
peculiar  tafte  which  jelly  has  not ;    and  when 

this 
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this  fubftance  is  very  much  concentrated,  it  af- 
fumes  an  acrid  and  bitter  tafte.     Fire  develops 
an  aromatic  flavour  in  it.     This  fubftance,  eva- 
porated to  drynefs,  afllimes  a  bitter,  acrid,  and 
faline  tafte.      It  fwells  up  upon  hot  coals,  and 
liquefies ;  emitting  an  acid,  penetrating  fmell, 
refembling  that  of  burned  fugar.      It  attracts 
the  humidity  of  the  air,  and  forms  a  faline  ef- 
florefcence.      In  a  hot  atmofphere  it  becomes 
four,  and  putrefies.     All  thefe  characters  indi- 
cate a  refemblance  between  this  fubftance,  the 
faponaceous  extracts,  and  the  faccharine  matter 
of  vegetables.     Mr.  Thouvenel,  who  has  like- 
wife  analyfcd  the  fait  obtained  by  the  decoction 
and  flow  evaporation  of  flefh,  obtained  it  fome- 
times  in  the  form  of  down,  and  fometimes  in 
that  of  cryftals,  whofc  figure  he  could  not  de- 
fcribe.     This  fait  appeared  to  him  to  be  a  phof- 
phate  of  potafh  in  frugivorous  quadrupeds,  and 
a  muriate  of  potafh  in  carnivorous   reptiles.     It 
is  probable,  as  Mr.  De  Fourcroy  obferves,  that 
this  fait  is  a  phofphate  of  foda  or  of  ammoniac, 
mixed  with  the  phofphate  of  lime.     Thefe  falts 
arc  indicated,  and  even  with   excefs  of  acid, 
like  thofc  of  urine,  by  lime-water  and  ammo- 
niac, which  form  white  precipitates  in  the  de- 
coction of  flefh. 

The  moft  abundant  part  of  mufcles,  and  that 

which 
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which  conflitutes  their  predominating  cha- 
racter, is  the  fibrous  matter.  The  characters 
which  difiinguifh  this  Tub  fiance  are — 

i.  It  is  not  foluble  in  water.  2.  It  affords 
mere  nitrogene  gas  by  the  nitric  acid  than 
other  fubftances  do.  3.  It  afterwards  affords 
the  oxalic  acid,  and  the  malic  acid.  4.  It  pu- 
trefies eafily  when  moiftened,  and  affords  much 
concrete  ammoniac  by  diftillation. 

The  other  three  fubftances  contained  in  flefh, 
namely  the  lymph,  the  jelly,  and  the  fat  part, 
are  the  fame  fubftances  concerning  which  we 
have  already  treated  under  the  fame  denomi- 
nations. 

From  thefe  principles  we  may  give  the  eti- 
ology of  the  formation  of  foup,  and  follow  the 
fucceffive  difengagement  of  all  the  principles 
we  have  fpoken  of. 

The  firft  impreffion  of  the  fire,  when  a  foup 
is  made,  is  the  difengagement  of  a  confiderable 
fcum,  which  is  taken  off  until  it  no  longer  ap- 
pears. This  fcum  arifes  merely  from  the  difen- 
gagement of  the  lymph,  which  coagulates  by 
the  heat.  It  affumes,  by  the  impreffion  of  the 
fire,  a  red  colour,  which  it  does  not  naturally 
poffefs. 

At  the  fame  time  the  gelatinous  part  is  dif- 
engaged,  which  remains  diflolvcd  in  the  foup, 

and 
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and  congeals  only  by  cooling.  It  forms  on 
the  furface  of  cold  foup  a  body  more  or  lefs 
thick,  according  to  the  nature  of  the  fubftances, 
and  the  age  of  the  animals ;  for  young  ani- 
mals afford  a  larger  quantity  than  fuch  as  are 
old. 

As  foon  as  the  flefli  is  penetrated  by  heat,  flat 
round  drops  arife,  and  float  at  the  furface  of  the 
fluid,  in  which  they  are  not  afterwards  diflblved, 
but  congeal  by  cooling,  and  exhibit  all  the  cha- 
racters of  fat. 

In  proportion  as  the  digeflion  proceeds,  the 
mucous  extractive  part  feparates;  the  fbup  be- 
comes coloured,  afTumes  its  peculiar  odour  and 
tafle ;  and  it  is  more  particularly  to  this  prin- 
ciple that  its  properties  are  owing. 

The  fait  which  is  at  the  fame  time  diflblved 
takes  off  the  infipidity  of  all  the  before-men-» 
tioned  principles :  and  at  this  period  the  foup 
is  completely  made. 

According  to  the  nature  of  the  feveral  prin- 
ciples which  are  difengaged,  and  the  order  in 
which  they  appear,  it  is  evident  that  the  ma- 
nagement of  the  fire  is  not  a  matter  of  indiffe- 
rence. If  the  ebullition  be  haflened,  and  a 
proper  time  be  not  allowed  for  the  difengage- 
ment  of  the  mucous  extractive  matter,  the  three 
inodorous  and  infipid  principles  are  obtained; 

and 
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and  this  is  obferved  in  foups  made  by  cooks  who 
are  flattened,  or  have  not  time  allowed  to  pay 
a  due  attention  to  their  work.  When,  on  the 
contrary,  the  digeftion  is  made  over  a  flow  fire, 
the  principles  feparate  one  after  the  other,  in 
order ;  the  fkimming  is  more  accurately  per- 
formed;  the  aromatic  flavour  which  is  difen- 
gaged  combines  more  intimately,  and  the  foup 
is  of  an  excellent  flavour.  Thefe  are  the  foups 
of  the  good  women  who  perform  better  with  a 
fmall  quantity  of  meat,  than  profefTed  cooks 
with  their  ufual  prodigality ;  and  in  this  cafe 
we  may  fay  that  the  form  is  of  more  value  than 
the  fubftance. 

The  heat  muft  not  be  applied  too  long ;  for 
the  great  evaporation,  by  concentrating  the 
principle  of  fmell  and  tafle,  at  the  fame  time 
with  the  fait,  renders  them  acrid  and  bitter. 


u 


CHAP.     vnr. 

Concerning  Urine. 
RINE  is  an  excrementitious  humour  of 


the  body  :  and  it  is  one  of  the  fluids  of 
which  it  is  of  the  greateft  importance  to  poflefs 
an  accurate  knowledge;  becaufe  the  practical 

phyfician 


CI ar afters  of  Urine.  33$ 

phyfician  may  derive  the  greateft  advantage 
from  information  of  this  nature.  It  is  known 
to  what  a  degree  of  extravagance  the  marvellous 
pretentions  of  this  kind  have  been  carried.  The 
delirium  has  proceeded  to  fuch  a  height,  as 
even  to  pretend  to  afcertain  from  the  urine, 
not  only  the  nature  of  the  diforder,  and  the 
character  of  the  patient,  but  likewife  the  fex. 
and  condition. 

The  true  phyfician  has  never  given  into  this 
excels  :  but  he  has  always  derived  afliftance,  in 
his  practice,  from  the  characters  exhibited  by 
the  urine ;  and  this  is  the  humour  from  which 
he  may  draw  the  moft  fatisfaclory  indications. 
It  carries  out,  as  we  may  fay,  the  internal  cha- 
racter ;  and  a  phyfician  who  knows  how  to  form 
a  judgment  upon  its  properties,  may  deduce  the 
moil:  inftrucftive  confequences  from  it.  Monro, 
in  his  Treatife  of  Comparative  Anatomy,  has 
defcribed  the  organs  which,  in  birds,  fupply  the 
place  of  the  kidneys  :  they  arc  placed  near  the 
vertebral  column ;  and  communicate,  by  two 
duels,  to  the  vicinity  of  the  anus.  He  affirms 
that  the  urine  of  birds  is  that  whitifh  fubftance 
which  almoft  always  accompanies  the  excre- 
ments. 

Chemical  analyfis  ought  to  enlighten  the  phy- 
fician in  his  refearches  concerning  the  urine. 

The 
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The  nature  of  the  principles  it  carries  off  in 
certain  circumflances,  affords  vafl  information 
refpecling  the  predominant  principle  in  the 
fluids  of  the  human  body.  Its  various  ftates 
fhevv  the  difpofition  of  the  conflitution.  Per- 
fons of  a  very  irritable  habit  have  the  urine  of 
a  lighter  colour  than  -  others ;  gouty  perfons 
evacuate  turbid  urine ;  and  it  has  been  obferved 
that,  when  the  bones  become  foft,  the  urine  car- 
ries off  the  phofphate  of  lime,  which  constitutes 
their  bafis ;  inftances  of  which  were  obferved  in 
the  perfons  of  Mrs.  Supiot,  the  widow  Melin, 
&c.  The  various  flates  of  any  diforder  are  al- 
ways pointed  out  by  the  ftate  of  the  urine ;  and 
the  truly  practical  phyfician  will  there  obferve 
figns  of  crudity  and  concoction  which  will  di- 
rect his  proceedings. 

Urine  is  likewife  an  humour  interefting  to  be 
known  on  account  of  the  various  ufes  to  which 
it  is  applied  in  the  arts.  It  was  from  this  fub- 
ftance  alone  that  phofphorus  was,  for  a  long 
time,  extracted ;  it  is  to  this  fluid  that  we  owe 
the  development  of  the  blue  colour  of  turnfole, 
and  the  violet  of  archil ;  it  may  be  fuccefsfully 
employed  in  forming  artificial  nitre-beds ;  it 
powerfully  contributes  to  the  formation  of  fa! 
ammoniac ;  it  may  be  ufed  to  prepare  the  alkali 
in  the  manufacture  of  Pruffian  blue ;  and,  in  a 

word, 
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YTord,  it  may  be  applied  in  all  the  operations 
wherein  the  concurrence  of  an  animal  humour 
is  required. 

Urine,  in  its  natural  flate,  is  tranfparent,  of 
a  citron  yellow  colour,  a  peculiar  fmell,  and  a 
faline  tafte. 

It  is  more  or  lets  abundant,  according  to  the 
feafons,  and  the  flate  of  the  individual.  It  is 
fufficient  to  obferve,  on  this  fubjecl:,  that  tranfpi- 
ration,  and  more  efpecially  perfpiration  or  fweat, 
fupply  the  place  of  the  fecretion  of  urine  ;  and 
that  confequently,  when  the  tranfpiration  is  great, 
the  urine  is  not  abundant. 

Phyflcians  diftinguifh  two  kinds  of  urine. 
The  one  is  emitted  one  or  two  hours  after 
drinking ;  this  is  aqueous,  contains  fcarcely  any 
falts,  and  has  neither  colour  nor  fmell :  it  is  this 
which  is  evacuated  fo  plentifully  during  a  courfe 
of  mineral  waters.  The  other  is  not  evacu- 
ated until  after  the  functions  of  fanguification 
are  finifhed  ;  and  may  be  called  Faeces  San- 
guinis. This  has  all  the  characters  we  have 
enumerated  and  afligned  to  urine.  It  is  car- 
ried by  the  arteries  into  the  kidneys,  where  it 
is  feparated,  and  poured  into  the  receptacles  of 
thefe  organs,  whence  it  pafTes,  by  the  ureters, 
into  the  bladder;  where  it  remains  a  longer 
or   fhortcr  time  according  to  the  habitude  of 
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the  perfon,  the  nature  of  the  urine,  the  irrita- 
bility or  magnitude  of  the  bladder  itfelf. 

The  urine  has  been  long  confidered  as  an 
alkaline  fluid  ;  but  in  our  time  it  has  been 
proved  to  contain  an  excefs  of  acid.  It  ap- 
pears from  the  experiments  of  M.  Berthollet — 
i.  That  this  acid  is  of  the  nature  of  the  phof- 
phoric  acid.  2.  That  the  urine  of  gouty  perfons 
contains  lefs  of  this  acid  ;  whence  he  conjectures, 
with  feafbn,  that  this  acid  retained  in  the  blood, 
and  conveyed  into  the  articulations,  produces  an 
irritation,  and  confequently  a  flux  of  humours, 
which  caufe  pain,  and  fwelling. 

The  analyfis  of  urine  by  diflillation  has  been 
accurately  made  by  various  chemifts,  but  more 
efpecially  by  Rouelle  the  younger.  Much  phlegm 
is  obtained,  which  putrefies  with  the  greatetl  fa- 
cility, and  affords  ammoniac  by  its  putrefaction, 
though  it  does  not  itfelf  contain  that  fubflancc. 
At  the  fame  time  a  fubftance  is  precipitated  of 
an  earthy  appearance,  but  which  in  reality  is  a 
true  phofphate  of  urine.  It  is  this  fame  fait 
which  forms  the  fediment  of  urine,  which  is 
obferved  by  expoiing  it  to  cold  during  the 
winter,  even  though  the  urine  be  of  a  perfon 
in  perfect  health.  When  urine  has,  by  a  fuf- 
licient  evaporation,  acquired  the  confiftence  of 
iyrup,  it  need  only  be  expofed,  in  a  cool  place, 

to- 
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to  obtain  cryftals,  in  which  analyfis  has  proved 
the  exigence  of  the  phofphates  of  fbda  and  o£ 
ammoniac.  This  precipitate  of  cryftals  has  been 
diitinguifhed  by  the  name  of  fufible  fait,  native 
fait,  microcofmic  fait.  Urine  may  be  deprived  of 
all  faline  matter  by  repeated  foliations,  nitrations, 
and  evaporations  ;  the  matter  which  adheres  to 
thefe  cryftals,  and  of  which  they  may  be  cleared 
by  thefe  operations,  is  foluble,  partly  in  alcohol, 
and  partly  in  water.  The  faponaceous  fubftance, 
or  that  which  is  foluble  in  alcohol,  is  capable  of 
cryftallizution,  dries  difficultly,  and  affords  by 
diftillation  a  fmall  quantity  of  oil,  of  carbonate 
of  ammoniac,  of  muriate  of  ammoniac,  and  the 
refidue  converts  fyrup  of  violets  to  a  green. 
The  extractive  principle  is  eafily  dried,  and 
exhibits  the  fame  phenomena  id  diftillation  as 
animal  fubftances.     See  Rouelle. 

The  phenomena  exhibited  by  the  fpontane- 
ous  decompofition  of  urine  are  very  intereiling 
to  be  known  ;  on  which  fubjec~l  an  excellent 
memoir  of  Mr.  Halle,  in  the  volume  of  the 
Society  of  Medicine  for  1779,  mav  ^e  con" 
fulted.  Urine  left  to  itfelf  foon  lofes  its  fmeli, 
which  is  fucceeded  by  a  fmell  of  ammoniac, 
which  is  likewife  diflipated  in  its  'turn.  The 
colour  becomes  brownifh,  and  the  fmell  fetid 
and  naufeous.  We  arc  indebted  to  Mr.  Rouelle 
Z  2  for 
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for  a  valuable  obfervation — that  crude  urine, 
urina  potch,  prefents  very  different  phenomena ; 
and  that  it  becomes  covered  with  mouldinefsj 
like  the  expreffed  juices  of  vegetables.  Putre- 
fied urine  has  much  lefs  acid  in  the  difengaged 
flate  than  when  it  is  frefh. 

The  fixed  alkalis  and  lime  difengage  much 
ammoniac    from    urine,   by   decomposing    the 
nhate  of  ammoniac. 

The  acids  deflroy  the  fmell  of  urine  by  com- 
bining with  the  ammoniac,  which  is  the  prin- 
cipal vehicle  of  that  fmell. 

We  mav  therefore  confider  urine,  in  its  na- 
tural  Hate,  as  water  holding  in  folution  matters 
purely  extractive,  and  phofphoric  or  muriatic 
falts.  Thefe  phofphoric  falts  have  lime,  am- 
moniac, or  foda,  for  their  bafis :  we  fhall  take 
a  flight  view  of  each  in  particular. 

That  which  is  called  fufible  fait,  is  nothing 
but  a  mixture  of  all  the  falts  contained  in  urine, 
clogged  with  the  extractive  principle.  All  the 
ancient  chemifts  advifed  evaporation,  and  re- 
peated filtration,  to  clear  them  from  this  animal 
extract ;  but  Meflrs.  Rouelle  and  the  Duke  de 
Chaulnes  have  obferved,  that  great  part  of  the 
fait  is  difengaged  and  diffipated  by  thefe  opera- 
tions to  fuch  a  degree,  that  three-fourths  are 
left..    To  avoid  moll:  of  this  lofs,  the  Duke  de 

Chaulnes 
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Chaulnes  adviles  folution,  filtration,  and  cooling 
in  well-clofed  veflels.  Two  ftrata  of  fait  are 
then  obtained ;  the  upper  of  which  appears  to 
have  the  form  of  fquare  tables,  wherein  Rouelle 
obferved  tetrahedral  prifms  flattened  with  di- 
hedral fummits.  This  is  the  phofphate  of  foda : 
and  beneath  this  lies  another  fait  cryftallized  in 
regular  tetrahedral  prifms,  and  is  the  phofphate 
of  ammoniac. 

1.  The  phofphate  of  ammoniac  ufually  ex- 
hibits the;  form  of  a  very  compreiled  tetrahedral 
rhomboidal  prifm  :  but  this  form  varies  much  ; 
and  the  mixtures  of  the  phofphate  or  muriate  of 
loda  caufe  an  infinity  of  modifications  in  it. 

The  tafte  of  this  fait  is  cool,  afterwards  uri- 
nous, bitter,  and  pungent. 

This  fait  fwclls  up  upon  the  coals,  emits  a 
ftrong  fmell  of  ammoniac,  and  melts  by  the 
blow-pipe  info  a  very  fixed  and  very  fulible 
irlafs. 

It  is  foluble  in  water.  Five  parts  of  cold  water, 
at  ten  degrees  of  Reaumur,  diflblved  only  one 
of  this  fait ;  but  at  the  temperature  of  fixty 
degrees  this  fait  is  decompofed,  and  a  portion 
of  its  acid  is  volatilized. 

It  ferves  as  a  flux  to  all  the  earths ;  but  in 
this  cafe  its  alkali  is  difengaged,  and  the  phof- 
phoric  acid  unites  with  the  earth.  a$  I  find  by 
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experiment.  Bergman  propofed  it  as  a  flux. 
The  fixed  alkalis  and  lime-water  difengage  the 
ammoniac. 

When  this  fait  is  heated  with  charcoal,  it  af- 
fords phofphorus. 

2.  The  phofphate  of  foda  was  made  known 
in  1740  by  Haupt,  under  the  name  of  fal 
admirabile  perlatum.  Hellot  before  him,  and 
Pott  feventeen  years  after  him,  took  it  for  fc- 
lenite.  Margraaf  gave  an  accurate  defcription 
of  it  in  his  Memoirs,  in  1745  ;  and  Rouelle  the 
younger  defcribed  it  at  full  length  in  1776, 
under  the  name  of  fufible  fait  w;th  bafe  of  na- 
trum.  All  agree  that  it  differs  from  the  preced- 
ing in  not  affording  phofphorus  with  charcoal. 

According  to  Rcucllc,  its  cryftals  arc  flat- 
tened irregular  tetrahedral  prifms,  with  dihe- 
dral fummits.  The  four  tides  of  the  prifm  are 
two  irregular  alternate  pentagons,  and  two  long 
rhombi  truncated  flopewife. 

When  expofed  to  heat  it  fufes,  and  affords  a 
glafs  which  becomes  opake  by  cooling. 

It  is  foluble  in  diftillcd  water,  and  the  folu- 
tion  turns  fyrup  of  violets  green. 

It  does  not  afford  phofphorus  with  charcoal. 

Lime  difengages  the  foda.  It  may  even  be 
obtained  in  a  cauvtic  ft/it  c,  if  the  precipitation 
be  effected  by  lime-water. 

The 
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The  mineral  acids,  or  even  diftilled  vinegar, 
decompofc  it  by  feizing  its  alkali.  Mr.  Proufl, 
to  whom  we  are  indebted  for  all  the  accurate 
information  we  pofTefs  concerning  thefe  fub- 
ftances,  was  of  opinion,  that  the  bafe  to  which 
the  foda  adhered  was  not  the  phofphoric  acid, 
but  a  very  fingular  falt^  whofe  properties  greatly 
refembled  thofe  of  the  acid  of  borax.  He 
found  this  fait  in  the  mother  water,  after  hav- 
ing deeompofed  the  phofphate  of  foda  by  the 
acetous  acid,  and  obtained  the  acetite  of  foda 
by  cryftallization.  He  obtained  this  fame  fait 
by  diflblving  and  evaporating  the  refidue  of  the 
diftillation  of  phofphorus.  One  ounce  of  phof? 
phoric  glafs  contains  five  or  fix  drams.  This 
fait  was  characterized  by  the  following  pro- 
perties : 

1.  It  cryftallizes  in  parallelograms. 

2.  Its  tafte  is  alkaline,  and  it  turns  fyrup  of 
violets  green. 

3.  It  fwells  up  in  the  fire,  reddens  and  melts. 

4.  It  efflorefees  in  the  air.  This  may  not.  take 
place  when  the  phofphoric  acid  has  not  been 
fufficiently  deeompofed  by  the  diftillation  to 
leave  the  alkali  difengaged,  as  I  have  obferved. 

5.  Boiling  water  dillblvcs  fix  gros  per  ounce. 

6.  It  aflifts  the  vitrification  of  earths,  and 
forms  a  perfect  glafs  with  (ilex, 

Z  4-  7-  I" 
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7.  It  decompofes  nitre  and  marine  fait,  and 
feparates  their  acids. 

8.  It  is  infoluble  in  alcohol. 

Mr.  Klaproth  has  pnblifhed  in  Crell's  Jour- 
nal an  analyfis  of  the  fufible  fait,  in  which  he 
has  fhewn  that  the  pearly  fait,  or  fait  of  Prouft, 
is  merely  the  phofphate  of  foda.  To  prove 
this,  nothing  more  need  to  be  done  than  to  dif- 
folve  this  fait  in  water,  and  to  add  a  folntion  of 
nitrate  of  lime.  The  nitric  acid  feizes  the  foda, 
and  the  phofphoric  acid  is  precipitated  with 
the  lime.  The  phofphoric  acid  may  after- 
wards be  feparated  by  means  of  the  fulphuric 
acid. 

If  the  phofphoric  acid  obtained  by  the  flow 
combuftion  of  phofphorus  be  faturated  with 
foda  flightly  in  excefs,  the  fufible  fait  is  formed ; 
if  this  excefs  be  taken  up  by  vinegar,  or  if 
more  phofphoric  acid  be  added,  the  liibftance 
defcribcd  by  Prouft  is  formed. 

The  phofphate  of  foda  is  not  decompofable 
by  charcoal ;  and  it  is  at  prefcnt  clearly  feen 
why  the  fufible  fait  affords  but  little  phofphorus ; 
and  why  Kunckcl,  Margraaf,  and  others  recom- 
mended a  mixture  of  the  muriate  of  lead:  for 
by  this  means  the  phofphate  of  lead  was  formed, 
which  permits  the  decompofition  of  the  phof- 
phoric acid,  and  affords  phofphorus. 

Con- 
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Concerning  the  Calculus  of  the  Bladder. 

Paracelfus  made  fome  refearches  concerning 
the  calculus  of  the  bladder,  which  he  calls  due- 
Icch.  He  considers  it  as  a  fubftance  inter- 
mediate between  tartar  and  {tone,  and  thinks 
that  its  formation  is  owing  to  the  modification 
of  an  animal  refin  :  he  fuppefes  it  to  be  abfo- 
lutely  fimilar  to  the  matter  of  the  gout. 

Vanhejmont  docs  not  admit  of  this  analogy; 
and  confiders  the  calculus  as  an  animal  coagu- 
lum  produced  by  the  falts  of  urine,  and  a  vola- 
tile earthy  fpirit.  Boyle  found  this  calculus 
to  be  compofed  of  oil  and  volatile  fait.  Boer- 
haave  fuppofed  it  to  confift  of  a  fubtle  earth,  in- 
timately united  with  alkaline  volatile  falts.  Hales 
has  obferved  that  a  calculus  of  the  weight  of 
two  hundred  and  thirty  grains  afforded  fix  hun- 
dred and  forty-five  times  its  volume  of  air,  and 
that  there  remained  only  a  calx  of  the  weight 
of  forty-nine  grains. 

Independent  of  this  chemical  information, 
fome  phyficians,  fuch  as  Alflon,  De  Haen, 
Vogel,  Meckel,  &c.  had  obferved  the  folvent 
power  of  foap,  lime-water,  and  alkalis. 

But  we  poflefled  no  accurate  ideas  on  this 
fubjeel  until  it  was  ferioufly  taken  up  by  Schcele 

and 
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and  Bergman.  The  bezoar  of  the  bladder 
is  formed  for  the  moft  part  of  a  peculiar  con7 
crete  acid,  which  M.  De  Morveau  calls  the 
Lithiafic  Acid.  (The  Encyclopedic  Methodique 
:may  be  conmlted,  from  which  the  prefect  artir 
cle  is  an  extract.) 

The  calculus  is  partly  foluble  in  boiling 
water.  The  lixivium  reddens  the  tincture  of 
turnfole ;  and  by  cooling  depofits  moil  of  what 
it  had  difiblved.  The  cryftals  thus  feparated 
are  the  concrete  lithiafic  acid. 

Scheele  has  likewife  obferved — i.  That  the 
fnlphuric  acid  does  not  diflblve  the  calculus  un- 
lefs  afiifled  by  heat,  and  that  it  is  then  con- 
verted into  the  ilate  of  fulphureous  acid. 
2.  That  the  muriatic  acid  has  no  action  upon 
it.  3.  That  the  nitric  acid  diflblves  it  with 
effervefcence,  and  difen gages  nitrous  gas  and 
carbonic  acid.  This  folution  is  red  ;  it  contains 
a  difengaged  acid,  and  tinges  the  fkin  of  a  red 
colour.  This  folution  is  not  precipitated  by 
the  muriate  of  barytcs,  nor  rendered  turbid  by 
the  oxalic  acid.  4.  That  the  calculus  was  not 
attacked  by  the  carbonate  of  potafh  ;  but  that 
the  caiiftic  alkali  diflblved  it,  as  well  as  the  vo- 
latile alkali.  5.  That  one  thoufand  grains  of 
lime-water  difiblved  5,37  by  mere  digeftion, 
and  that    it  was  again   precipitated    by  acids. 

6.  That 
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6.  That  all  urine,  even  that  of  infants,  held  a 
fmall  quantity  of  the  matter  of  calculus  in  folu- 
tion  ;  which  may  perhaps  be  the  caufe  that,  when 
this  matter  finds  a  nucleus  in  the  bladder,  it 
more  eafily  incrufls  it.  I  have  feen  a  calculus 
with  a  large  plum  ftone  in  its  centre.  7.  That 
the  brick-coloured  depofition  from  the  urine  in 
fevers,  is  of  the  nature  of  the  calculi. 

Thefe  experiments  exhibit  feveral  important 
confequences  with  regard  to  the  compofition. 
of  the  calculus,  and  the  properties  of  the  lithic 
acid. 

The  calculus  contains  a  fmall  quantity  of 
ammoniac.  The  coaly  reiidue  of  the  combuf- 
tion  indicates  an  animal  fubftance  of  the  nature 
of  jelly.  The  celebrated  Scheele  did  not  find  it 
to  contain  a  particle  of  calcareous  earth ;  but 
Bergman  precipitated  a  true  fulphate  of  lime, 
£>y  pouring  the  fulphuric  acid  into  the  nitrous 
folution  of  the  calculus.  He  admits  that  the 
lime  is  very  fmall  in  quantity,  as  it  rarely  ex- 
ceeds the  two-hundredth  part  of  the  entire 
weight.  The  fame  chemift  has  detected  a 
white  fpungy  fubflance,  not  foluble  in  water, 
nor  attacked  by  fpirit  of  wine,  or  acids,  or  alka- 
lis ;  which  at  laft  affords  a  coal  of  difficult  inci- 
neration, and  which  the  nitric  acid  does  not 
dhTolvc,  even  in  the  flate  of  afhes ;  but  this  mat- 
ter 


348  Arthritic  Concretions. 

ler  exifts  in  fo  fmall  a  quantify,  that  he  could 
not  procure  enough  to  examine  it.  The  calcu- 
lus is  not  therefore  analogous  to  bones  in  its 
-nature ;  neither  is  it  a  phofphate  of  lime,  as  has 
been  pretended.  Thefe  arc  the  refults  of  the 
chemifls  of  the  north  ;  but  I  muft  obferve 
that,  after  having  decompofcd  many  calculi  by 
the  cauftic  alkali,  I  have  precipitated  lime,  and 
formed  phofphates  of  potafh. 

Some  phyficians,  fuch  as  Sydenham,  Cheync, 
Murray,  &;c.  have  thought  that  the  arthritic 
concretions  were  of  the  fame  nature  as  the  cal- 
culus. The  ufe  which  Bocrhaave  made  of  aU 
kalis  in  the  gout ;  the  virtues  admitted  by 
Fred.  Hoffmann  in  the  thermal  waters  of  Carl f- 
bad,  which  contain  foda,  with  an  excefs  of  car- 
bonic acid ;  the  authority  of  Springsfcld,  who 
afTerts  that  the  calculus  is  very  fpccdily  dif- 
folved  in  thefe  waters,  even  in  the  urine  of  thofe 
who  drink  them ;  the  fuccefs  pf  lime-water, 
nfed  by  Alflon  in  the  gout — all  confpirp  to  give 
fome  credit  to  the  opinion  of  thefe  early  phyfi- 
cians. But  the  following  experiments  do  not 
agree  with  this  notion. 

Yanfwieten    affirms  that   the  arthritic  con- 
cretion never  acquires  the  hardnefs  of  the  cal- 
culus.    Pinelli    (Philof.  Tranf.j  diftiiled   in   a 
retort  three  ounces  of  the  arthritic  matter  col- 
lected 
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lected  from  the  articulations  of  feveral  gouty 
perlbns  ;  and  he  obtained  ammoniac,  with  fome 
drops  of  oil,  the  refidue  weighing  two  gros. 
This  refidue,  which  was  lbluble  in  the  muriatic, 
fulphuric,  and  acetous  acids,  was  not  attacked 
by   volatile   alkali.      An    observation   of  Mr. 
Rcering  was  publi  fried  in  the  Memoirs  of  the 
Academy  of  Stockholm  for  1783,  which  afcer- 
tains  that  the  concretions  expectorated  by  an 
old  man  fubjedt  to  the  gout,  were  found  to  be 
of  the  nature  of  bone,  or  phofphate  of  lime. 
But  one  of  the  neweft  and  molt  important  facts 
is  that  of  Watfon,  in  the  Medical  Communica- 
tions of  London,  vol.  i.  1784.     He  concludes, 
from  the  examination   of  the  arthritic  concre- 
tions of  a  gouty  body,  that  this  fubftance  is  very 
different  frcm  the  matter  of  the  calculus,  finee 
it  is  lbluble  in  the  fynovia,  and  ealily  mixes  with 
oil  and  water,  which  the  calculus  docs  not. 

It  follows  from  our  obfervations  on  the  lithic 
acid,  that  this  acid  is  concrete,  and  fparingly 
foluble  in  water;  that  it  is  decompofed,  and 
partly  fublimed  by  diftillation.  This  acid  de- 
compofes  the  nitric  acid,  unites  with  earths,  al- 
kalis, and  metallic  oxides.  It  yields  its  bafes  to 
the  weakeft  vegetable  acids,  not  excepting  the 
carbonic. 

CH 
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CHAP.      IX. 

Concerning  Phofphorus. 

PHOSPHORUS  is  one  of  the  mod  afloniOV 
ing  products  of  chemiftry.  It  is  pretended 
that  traces  of  the  knowledge  of  this  fubftance 
exifl  in  the  writings  of  the  earlieft  chemifts :  but 
the  moil  positive  information  we  poflefs  on  this 
fubject  is  found  in  the  hi  flory  given  by  Leibnitz, 
in  the  Melanges  de  Berlin  for  1710.  He  gives 
the  difcovery  to  Brandt,  a  chcmift  of  Hamburg, 
who  during  a  courfe  of  experiments  upon  Urine, 
with  a  view  of  extracting  a  -fluid  proper  to  con- 
vert filver  into  gold,  difcovered  phofphorus  in 
the  year  1667.  He  communicated  his  dif- 
covery to  Kraft,  who  fhewed  it  to  Leibnitz  3 
and  being  afterwards  in  England,  he  commu- 
nicated it  to  Boyle  **.    Leibnitz  caufed  the  flrft 

inventor 

*  As  Boyle  communicated  the  procefs  for  making  phof- 
phorus to  the  Royal  Society  as  a  difcovery  of  his  own,  and 
it  is  entered  as  fuch  in  the  Philofophical  Tranfa&ions,  I 
cannot  avoid  animadverting  on  this  impeachment  of  his  in- 
tegrity, which  is  copied  from  one  chemical  book  into  another. 
It  is  grounded  on  no  better  foundation  than  the  affertion  of 

Kraft, 
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inventor  to  be  introduced  to  the  Duke  of  Ha- 
nover, before  whom  he  performed  the  whole 
operation ;  and  a  fpecimen  of  the  pholphorus 
fent  to  Huygens,  who  fhewed  it  to  the  Aca- 
demy of  Sciences  at  Paris. 

It  is  faid  that  Kunckel  had  afTociatcd  him- 
felf  with  Kraft  to  purchafe  the  procefs  from 
Brandt.  But  Kunckel  having  been  deceived  by 
Kraft,  who  kept  the  fecret  to  himfelf,  knowing 
that  urine  was  made  ufe  of,  let  to  work,  and  dis- 
covered a  procefs  for  making  the  fubilance; 
and  it  is  this  which  led  chcmifls  to  call  it  by 
the  name  of  Kunckel's  Phofphoru?. 

Though  the    procefs   was  rendered    public, 

ft,  a   dealer  in  fecrets,  who,  .  ing  deceived  h:s 

friend   Kunckel,    afTociated    with  him   for  the  purchafe  of 
this  fecret.     I   might   infill,  in    defence  cf  tl 
otherwife   unimpeached   integrity  of  Bovle,    that   his  ad 
lion   ought   infinitely  to   out  it   of  the  other.     Not 

to   inflit,  however,  up?,  be  noticed  that   this 

new  and  famous  product  was  known  to  have  been  ex- 
tracted from  urine  .imitted 
as  the  diicoverer,  from  hi3  having  formed  it  upon  no  fu: 
information  than  this  ;  that  Boy:  ith  equal  proba- 
bility be  admitted  to  have  discovered  it  in  the  fame  manner, 
and  upon  information  equally  flight ;  and  that  the  probability 
cf  this  is  rendered  incomparably  greater,  by  the  confederation 
that  none  of  thefe  chemifts  made  any  complicated  experi- 
ments, but  merely  applied  the  force  of  fire  to  urine  until  this 
product  at  laft  came  over.     T. 

%  Kuncl. 
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Kunckel,  and  a  German  called  Godefred  Hat- 
with  *,  were  the  only  perfons  who  prepared  phof- 
phorus  for  a  long  time.  It  was  not  till  the  year 
1737,  that  it  was  made  in  the  laboratory  of  the 
Royal  Garden  at  Paris.  A  foreigner  executed 
this  operation  in  the  prefence  of  Meflrs.  Hellot, 
Du  Fay,  Geoffroi,  and  Du  Ham  el.  An  account 
of  the  operation  may  be  feen  in  the  volume  of 
the  Academy  for  1737.  Hellot  has  'collected 
all  the  efTcntial  circumttances.  Margraa£  in 
the  year  1743,  publiflied  a  new  and  more  eafy 
method,  which  has  been  followed  until  Scheele 
and  Gahn  taught  us  to  obtain  it  from  bones. 

The  procefs  of  Margraaf  confifts  in  mixing 
the  muriate  of  lead,  which  remains  after  the 
diftillation  of  four  pounds  of  minium  and  two 
offal  ammoniac,  with  ten  pounds  of  the  extract 
of  urine  of  the  confidence  of  honey.  Half  a 
pound  of  charcoal  in  powder  is  added ;  the 
mixture  is  dried  in  an  iron  pot  until  it  is  re- 
duced to  a  black  powder.  This  powder  is  to 
be  put  into  a  retort ;  and  the  volatile  alkali,  the 
fetid  oil,  and  the  fal  ammoniac,  diltilled  off. 
The  refidue  contains  the  phofphorus.  It  is  af- 
fayed  by  throwing  a  fmall  quantity  on  hot  coals : 
if  it  emits  a  fmell  of  garlic,  and  a  phofphoric 

*  Spelled  Hanckwitz  by  raoft  authors.    He  was  indrufled 
by  Boyle.     T. 

flame, 
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'  flame,  it  is  to  be  put  into  a  good  earthen  retort, 
and  diftillcd.  Much  more  phofphorus  is  ob- 
tained by  this  than  by  the  old  procefs ;  and  this 
depends  on  the  addition  of  the  muriate  of  lead 
by  Margraaf,  which  decompofes  the  phofphate  of 
foda,  forming  a  phofphate  of  lead,  which  affords 
phofphorus;  whereas  the  phofphate  of  foda  is 
not  dccompofable  by  charcoal.  The  famous 
chemift  of  Berlin  has  likewife  proved  that  it  was 
the  fufible  fait  of  urine  which  affords  the  phof- 
phorus. 

Mr.  Gahn   publifhed,  in  the  year  1769,  that 
the  earth  of  calcined  bones   continued  of  lime 
united  with  the  acid  of  urine  ;  but  Scheele  wras 
the  firft  to  prove  that  by  decompofing  this  fait 
of  bones  by  the  nitric  and  fulphuric  acids,  eva- 
porating the  refidue   in   which  the  phofphoric 
id  exifts  in  a  difengaged  ltate,  and  diftilling 
the  extract  with  powder  of  charcoal,  phofphorus 
is  obtained.     Thcie  circumftanccs,   related  by 
Bergmann  himfelf  in  his  notes  to  the  Chemiftry 
of  Schcfrer,  attribute  to  Scheele  the  difcovery 
of  extracting  phofphorus  from  bones.  It  was  not 
until   the  year  1775   that  the  proceis  was  pub- 
lifhed  in  the  Gazette  Salutaire  de  Bouillon.  Ad- 
ditions and  improvements  have  been  fucceflively 
made  in  this  procefs,  of  which  accounts  may  be 
lien  in  the  Diclionnaire  Encyclopedique. 

Vol.  III.  A  a  The 
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The  procefs  which  has  moil  conftantly  fuc- 
ceeded  with  me,  is  the  following: 

The  hardeft  bones  are  feledted  and  burned. 
By  this  combuftion  the  external  part  becomes 
white,  while  the  internal  part  is  blnckifh. 

Thcfe  burned  bones  mult  then  be  pulve- 
rized, and  put  into  a  turinc,  or  in  a  round  hooped 
wooden  vefTel.  Half  their  weight  of  oil  of  vitriol 
is  then  to  be  poured  on,  and  conftantly  flirred. 
During  the  agitation  a  conliderable  heat  is  ex- 
cited. The  mixture  mull  be  left  in  digeflion 
for  two  or  three  days;  after  which,  water  muft>be 
gradually  added,  and  furred.  I  cligeft  this  laft 
mixture  upon  the  fire,  in  order  to  increafc  the 
folvent  power  of  the  water. 

The  water  of  the  lixivium  is  then  to  be  eva- 
porated in  vefTels  of  ftone  ware,  filver,  or  cop- 
per. Mr.  Pelletier  recommends  this  laft  metal ; 
becaufe,  according  to  him,  the  phofphoric  acid 
does  not  attack  copper.  The  evaporation  muft 
be  carried  to  drynefs  ;  more  boiling  water  muft 
be  poured  on  the  refidue ;  and  this  warning 
mull  be  continued  until  the  matter  be  exhauftcd, 
■  which  may  be  known  by  the  water  being  no 
longer  tinged  yellow.  All  thefe  waters  are  to 
be  evaporated,  and  afford  an  extract. 

To  feparate  the  fulphate  of  lime,  the  extract 
mull  be  dhTolved  in  the  leafl  poflible  quantity  of 

water, 
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Water,  then  filtered,  and  the  fait  remains  on  the 
filtre.  This  extract  may  be  mixed  with  powder 
of  charcoal,  and  diftilled  :  but  I  prefer  convert- 
ing it  into  animal  glafs  ;  for  which  purpofe  I 
put  the  extracl  into  a  large  crucible,  and  urge 
the  fire*  It  fwells  up  at  firft,  but  at  laft  fettles  ; 
and  at  that  inltant  the  glafs  is  made.  This  glafs 
is  white,  of  a  milky  colour.  Becher  was  per- 
fectly acquainted  with  it ;  but  concealed  his 
procefc,  on  account  of  the  abufes  which,  accord- 
ing to  him,  might  be  made  of  it — propter  varies 
ahtfus.  He  tells  us,  in  proper  terms,  homovitrum 
•eji*  et  in  vitrum  redigi  poteft,ficut  et  omnia  animalia. 
He  regrets  that  the  Scythians,  who  drank  out  of 
dillrufting  fculls,  were  not  acquainted  with  the 
art  of  converting  them  into  glafs.  He  fhews 
it  would  be  poffible  to  form  a  feries  of  one's 
•  tors  in  glafs,  in  the  fame  manner  as  we  pof- 
them  in  painting,  &c. 

I  obferved  once,  to  my  great  aftonifhment, 
that  the  phofphoric  glafs  I  had  juft  made, 
emitted  very  lirong  electric  1  parks :  thefe  flew 
to  the  hand  at  the  diftance  of  two  inches.  I  ex- 
hibited this  phenomenon  to  my  audience  of  pu- 
pils. This  glafs  loft  the  property  in  two  or  three 
davs,  though  preferved  in  a  capfulc  of  common 
glafs. 

It  fometimes  happens  that  this  glafs  is  deli- 

quefcent,  but  it  is  then  acid ;  and  this  circum- 
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fiance  arifes  from  too  large  a  quantity  of  ful- 
phuric  acid,  or  from  this  acid  not  having  been 
faturated  by  a  digeftion  of  fufficient  continu- 
ance. 

I  have  likevvife  obtained  glafs  of  the  colour  of 
turquoife,  when  I  performed  the  evaporation  in 
copper  vcflels. 

This  glafs  may  be  deprived  of  the  bubbles  it 
ufually  contains,  by  keeping  it  for  a  time  in  a  vio- 
lent heat ;  it  is  then  tranfparent,  and  may  be  cut 
like  a  diamond.  According  to  Crell,  its  fpeci- 
fic  gravity  is  to  that  of  water  as  three  to  one, 
while  that  of  diamond  is  as  three  and  a  half  to 
one.  This  glafs  is  infoluble  in  water,  &c.v  A 
fkeleton  of  nineteen  pounds,  burned,  affords  five 
pounds  of  phofphoric  glafs. 

I  pulverize  this  glafs,  mix  it  with  equal  parts 
of  powder  of  charcoal,  put  it  into  a  porcelain 
retort  well  coated,  the  beak  of  which  I  partly 
plunge  into  the  wTater  of  the  receiver,  fo  that 
nothing  can  efcape  but  air  or  phofphoric  gas. 
I  adapt  a  large  tube  to  the  tubulure  of  the  re- 
ceiver, and  plunge  it  into  a  veffel  filled  with 
water.  The  fire  being  raifed  by  degrees,  the 
phofphorus  comes  over  the  moment  the  mixture 
is  ignited.  The  phofphorus  fublimes,  partly  in 
the  form  of  a  fume  which  congeals;  and  is  preci- 
pitated upon  the  furface  of  the  water,  partly  in 
theformof  inflammable  gas,  and  partly  refembling 

melted 
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melted  wax,  which  drops  in  beautiful  transpa- 
rent tears  from  the  neek  of  the  retort.  The 
theory  of  this  operation  is  eaiily  explained. 
The  phofphoric  acid  is  difplaced  by  the  fulphu- 
ric  acid,  as  is  fhewn  by  the  large  quantity  of 
fulphate  of  lime  which  is  obtained.  All  the 
other  operations  tend  only  to  concentrate  this 
phofphoric  acid,  which  is  ftill  combined  with 
other  animal  fubftances,  and  the  diftillation  with 
charcoal  decompofes  the  phofphoric  acid ;  its 
oxigene  unites  with  the  coal,  and  affords  carbo- 
nic acid,  while  the  phofphorus  itfelf  becomes 
di  fen  gaged. 

To  purify  the  phofphorus,  a  piece  of  chamois 
leather  is  moiftened,  and  the  mafs  of  phofpho- 
rus is  put  into  it.  This  being  immerfed  in  a 
yeflel  of  boiling  water,  the  phofphorus  melts, 
and  is  pailed  through  the  fkin  like  mercury. 
The  fkin  cannot  be  ufed  more  than  once  ;  the 
phofphorus,  which  might  be  pafled  a  fecond 
time,  would  become  coloured.  This  procefs 
was  contrived  by  Mr.  Pelletier. 

In  order  to  form  phofphorus  into  flicks,  a  fun- 
nel with  a  long  neck  may  be  ufed,  the  lower  ori- 
fice being  clofed  with  a  fmall  cork,  or  piece  of  foft 
wood.  The  funnel  is  then  to  be  filled  with  water, 
and  phofphorus  put  in  it;  and  this  being  plunged 
in  boiling  water,  the  heat  is  communicated  to 
A  a  3  that 
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that  of  the  funnel ;  and  melts  the  phofphorus, 
which  runs  into  the  neck,  and  takes  that  form. 
The  funnel  is  then  removed  into  a  vefTel  of  cold 
water;  and  when  the  phofphorus  is  perfectly 
cooled,  the  cork  is  taken  out,  and  the  phof- 
phorus thruft  out  of  its  mould  with  afmall  piece 
of  wood. 

Phofphorus  is  kept  under  water.  After  a  cer- 
tain time  it  lofes  its  tranfparency,  becomes  co- 
vered with  a  white  powder,  and  the  water  is 
acidulated*. 

In  whatever  manner  phofphorus  may  be 
made,  it  is  always  one  and  the  fame  fubftance, 
characterized  by  the  following  properties: — It 
is  of  a  rlcfh  colour,  and  evidently  tranfparent.  It 
has  the  confTftence  of  wax  ;  and  may  be  cut  in 
pieces  with  a  knife,  or  twitted  afunder  with 
the  fingers ;  in  which  laft  cafe  the  precaution 
muft  be  taken  of  frequently  plunging  it  into 
water,  to  prevent  its  taking  fire. 

When  phofphorus  is  placed  in  contact  with 

f  This  flow  acidification  of  the  phofphorus  feems  to 
be  reverfed  by  the  fun's  light.  Sticks  of  phofphorus,  which 
had  become  covered  with  a  white  powder,  were  expofed  under 
water  to  the  fun's  light,  which  converted  them  to  an  prange 
yellow  colour  in  fuch  parts  as  were  acted  upon  by  the  diredt 
light.  This  fact  appears  to  be  of  the  fame  nature  as  the  colour- 
ing of  the  nitrous  acid,  and  other  fimilar  phenomena.  T. 
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the  air,  it  emits  a  white  fume.  It  is  luminous 
in  the  dark  ;  and  a  folid  ftick  of  phofphorus 
may  be  uied  to  write  with,  like  a  crayon.  The 
marks  are  vifible  in  the  dark;  and  this  means  has 
often  been  ufed  to  create  fear  and  aftonifhment 
in  the  minds  of  the  ignorant. 

When  phofphorus  is  expoied  to  twenty-four* 
degrees  of  heat,  it  takes  fire  with  decrepitation, 
burns  with  a  very  bright  flame,  and  emits  a  very 
abundant  white  fume,  which  is  luminous  in  the 
dark.  The  refidue  of  the  combuftion  is  a  red 
cauftic  fubftance,  which  attracts  the  humidity  of 
the  air,  and  becomes  refolvcd  into  a  liquor. 
This  is  the  phofphoric  acid,  which  we  fhall  pro- 
ceed to  treat  of. 

Mr.  Wilfon  affirms  that  the  folar  rays  fet  fire 
to  phofphorus;  and  proves  that  this  flame  has  the 
colour  proper  to  the  phofphorus,  and  not  that 
of  the  ray  iticlf. — Letter  of  Mr.  Wilfon  to  Mr. 
Euler,  read  at  the  Royal  Society  of  London  in 
June  1779. 

*  Twenty-four  degrees  of  Reaumur  anfwer  to  eighty-fix  of 
Fahrenheit.  The  vivid  combuftion  of  phofphorus  takes 
place  at  different  temperatures,  according  to  its  purity ;  but 
the  prefent  is  very  low.  By  taking  phofphorus  into  a  freez- 
mofphere,  its  faint  flame  difappears,  and  it  feems  to  re- 
quiie  a  temperature  of  lixty  degrees  to  revive  it.  I  found  the 
vivid  combuftion  to  take  place  at  one  hundred  and  fixty 
,es.     T. 
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An  advantageous  ufe  has  lately  been  made 
of  the  combuftible  property  of  phofphorus,  to 
procure  fire  conveniently,  and  in  all  fituatious, 
by  means  of  phofphoric  tapers  or  matches,  and 
the  philofophical  bottles,  the  method  of  making 
which  we  fhall  point  out. 

i.  The  moft  Ample  procefs  for  making  the 
phofphoric  matches,  confifts  in  taking  a  glafs 
tube,  four  inches  long  and  one  line  in  diameter, 
doled  at  one  end.  A  fmall  quantity  of  phof- 
phorus  is  introduced  into  the  tube,  and  pufhed 
to  its  further  end  ;  after  which  a  taper  covered 
with  a  fmall  quantity  of  wax  is  introduced  into 
the  fame  tube.  The  open  end  is  then  herme- 
tically fealed,  and  the  other  end  is  plunged  into 
boiling  water.  The  phofphorus  melts,  and  fixes 
itfelf  upon  the  match. 

A  line  is  drawn  at  one  third  of  thp  length  of 
the  tube,  with  a  flint,  that  it  may  be  broken  as 
occafion  may  require. 

The  match  is  to  be  drawn  out  quickly,  to  in- 
flame the  phofphorus. 

The  procefs  of  Mr.  Lewis  Peyla,  to  make 
the  inflammable  bougies,  confifts  in  taking  a 
glafs  tube,  five  inches  long  and  two  lines  wide, 
one  end  of  which  is  fealed  with  the  blow-pipe. 
Small  tapers  of  wax  are  prepared  with  three 
double  threads  of  cotton  twiftcd  together.     Thje 

extre- 
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extfemity  of  the  match  or  taper  is  half  an  i] 
long,  and  mult  not  be  cohered  with  wax. 

A  piece  of  lead  is  laid  in  a  faucer  tilled  with 
water ;  and  upon  this  the  phofphorus  is  cut,  be- 
neath the  water,  into  fragments  of  the  fize  of  a 
grain  of  millet.  One  of  thefc  grains  is  to  be 
dried,  and  introduced  into  the  tube  of  glafs; 
after  which  the  fortieth  part  of  a  grain  of  verv 
dry  fulphur  is  to  be  ad  lat  is  to  fay,  half 

the  weight  of  the  phofphorus.  One  of  the 
bougies  is  then  taken,  and  its  extremity  dipped 
in  very  clear  oil  of  wax.  If  too  large  a  quantity 
3,  it  mull  be  dried  "with  a  cloth, 
he  match  is  introduced  into  the  tube  with  a 
turning  or  twilling  motion  between  the  fingers. 

The  bottom  of  the  tube  mult  then  be  plunged 
in  boiling  to   (often  the  phofphorus  ;  ob- 

ing  to  keep  it  no  longer  than  three  or  four 
onds  in  the 

The  other  extremity  of  the  tube  is  afterwards 
led. 

Thefe  t  e  kept  in  a  tin  tube,  to 

J  the  danger  of  inilammalion. 

i  bottles,  a  glafs 

ted  by  fix  ladle  full  of  fand, 

of  phofphorus  are 

\  fmall  red-hot  iron 

.ofphorus  about,  and 

caufe 
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caufe  it  to  adhere  to  the  internal  furface  of  the 
bottle,  where  it  forms  a  reddifh  coating.  The 
heated  wire  is  introduced  repeatedly  ;  and  when 
all  the  phofphorus  is  thus  diftributcd  within  the 
bottle,  it  is  left  open  for  a  quarter  of  an  hour, 
and  afterwards  corked.  When  this  is  ufed,  a 
common  match  tipped  with  fulphur  is  intro- 
duced into  the  bottle,  turned  round,  and  quick- 
ly drawn  out.  The  phofphorus  which  fticks  to 
the  fulphur  takes  fire,  and  lights  the  match. 

The  theory  of  this  phenomenon  depends  on 
the  circumflance  that  the  phofphorus  is  ftrong- 
\y  dried,'  or  half  calcined,  and  needs  only  the 
contact,  of  air  to  fet  it  on  fire. 

Phofphorus  is  foluble  in  oils,  more  efpecially 
the  volatile  oils,  which  then  become  luminous, 
If  tins  folution  be  kept  in  a  bottle,  a  phofphoric 
flafh,  which  emits  a  fmall  quantity  of  light,  will 
be  fcen  every  time  the  bottle  is  opened.  The 
oil  of  cloves  is  ufed  in  this  operation.  The  com- 
bination of  phofphorus  and  oil  appears  to  exift 
naturally  in  the  glow-worm,  lampyris  fplendi- 
dula  Linnasi.  Forfter  of  Gottingcn  obferves, 
that  the  lhining  matter  of  the  glow-worm  is  li- 
quid. If  the  glow-worm  be  crufhed  between 
the  fingers,  the  phofphorefcence  remains  on  the 
finger.  Henckel  reports,  in  the  eighth  differ-. 
tation  of  his  Pyritologia,  that  one  of  his  friends, 

of 
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of  a  (anguine  temperament,  after  having  danced 
much,  perfpired  to  fuch  a  degree  that  he 
thought  his  life  in  danger.  While  he  un- 
drefTed,  traces  of  phofphoric  flame  were  feen 
on  his  fhirt,  which  left  yellow  red  fpots  behind 
them,  refembling  the  refidue  of  burned  phof- 
phorus  :  this  light  was  long  viiiblc. 

A  phofphoric  gas  may  be  extracted  from 
phofphorus,  which  takes  tire  by  the  mere  contact 
of  the  air.  Mr.  Gengembrc  has  fhewn  the  me- 
thod of  extracting  it,  by  digefting  alkalis  upon 
it  (Memoir  read  to  the  Academy  at  Paris  the 
3d  of  May  1783);  and  at  the  fame  time  I 
ihewed  t^hat  it  might  be  extracted  by  means  of 
acids,  which  are  decompofed  upon  phofphorus. 
I  have  likewife  taken  notice,  in  my  Memoir 
upon  the  decompofition  of  the  nitric  acid  by 
phofphorus,  that  when  the  acid  is  digefted  upon 
it,  a  gas  efcapeSj  which  takes  fire  in  the  receiver, 
and  has  fevcral  times  afforded  me  the  appear- 
ance of  flames  of  lightning  ftriking  through  the 
cavity  of  the  vevTcls.  But  this  phenomenon  dif- 
appcared  as  foon  as  the  vital  air  was  abforbed. 

It  is  to  the  difengagement  of  a  gas  of  this 
nature  that  we  may  attribute  the  ignes  fatui 
which  play  about  burying-grounds,  and  gene- 
rally in  all  \  nmals  are  buried  and 
putrefy.     It  is  to  a  iimilar  gas  that  we  may  refer 

the 
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the  inflammable  air  which  conflantly  burns  in 
certain  places,  and  upon  the  furface  of  certain 
cold  fprings. 

Phofphorus  is  found  in  the  three  kingdoms. 
Mr.  Gahn  found  the  phofphoric  acid  in  lead. 
Siderite  is  a  phofphorus  of  iron.  The  feeds  of 
rocket,  of  muftard,  of  garden  creffes,  and  of 
wheat,  treated  by  Margraaf,  afforded  him  a  fine 
phofphorus.  Mr.  Meyer  of  Stetin  has  announ- 
ced, in  the  Chemical  Annals  of  Crell  for  the 
year  1784,  that  the  green  refinous  part  of  the 
leaves  of  plants  contains  the  phofphoric  acid. 
Mr.  Pilaire  du  Rozier  renewed  the  opinion  of 
Rouelle  in  1780  (Journal  de  Phyfique  for  No- 
vember), who  confidered  the  phofphoric  acid  as 
analogous  to  that  of  mucilaginous  bodies;  and 
he  affirms  that  the  diftillation  of  pyrophorus  af- 
fords five  or  fix  grains  of  phofphorus  in  the 
ounce.  The  phofphoric  acid  exifts  in  urine, 
bones,  horns,  &c.  Mr.  Maret,  by  treating 
twelve  ounces  of  beef  by  combination,  obtained 
three  gros  of  tranfparent  phofphoric  glafs.  Mr. 
Crell  obtained  it  from  beef  met  and  human  fat ; 
Mr.  Hankwitz  from  excrements ;  Leidenfroft 
from  old  cheefe ;  Fontana  from  fifties  bones ; 
Berniard  from  cgg-fhells,  &c.  Meff.  Macquer 
and  Mr.  Struve  found  the  phofphoric  acid  in 
the  gaftric  juice. 

The 
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The  moft  intereiting  combination  of  phof- 
phorus is  that  which  it  forms  with  vital  air. 
This  is  always  the  phofphoric  acid  ;  but  the  acid 
appears  to  be  modified  by  the  manner  in  which 
it  is  made. 

Phofphorus  unites  with  oxigene — 1.  By  de- 
flagration, or  the  rapid  combuftion.  2.  By  the 
flow  combuition.  3.  In  the  humid  way,  more 
elpeciallv  by  the  decompofition  of  the  nitric 
acid. 

1.  If  phofphorus  be  expofed  to  a  dry  heat 
of  twenty-four  degrees,  it  takes  fire,  emits  a 
white  denfe  fume,  and  leaves  a  reddifh  refidue, 
which  powerfully  attracts  the  humidity  of  the 
air,  and  becomes  reiblved  into  a  liquor.  This 
combuftion  may  be  performed  under  glafs  vef- 
iels ;  in  which  cafe  white  flocks  are  depoflted  on 
the  iides  of  the  glafs,  which  refolve  into  a  liquor 
by  the  contact  of  moiit  air,  and  form  the  phof- 
phoric acid.  Care  is  taken  to  introduce  an  ad- 
ditional quantity  of  vital  air  when  the  combul- 
tion  of  the  phofphorus  has  not  been  completed. 

Mr.  Lavoifier  has  burned  phofphorus,  by  the 
afliftance  of  a  burning  glafs,  under  a  glafs  vefTel 
plunged  in  mercury  (Memoirs  of  the  Royal 
Academy  of  Sciences,  1777). 

Margraaf  had  obferved  that  air  is  abforbed  in 

this  operation.     M.  Morveau,  in  the  year  1772, 
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had  declared  the  fame  from  his  own  experi- 
ments; and  Fontana  proved  that  phofphorus 
abforbs  and  vitiates  air,  like  every  other  conn 
buflible  fubftancc.  MefT.  Lavoifier  and  De  la 
Place  found  that  forty-five  grains  of  phofphorus 
abforbed  65,62  of  vital  air. 

The  acid  obtained  by  this  means  is  impure. 
It  always  contains  phofphorus  in  folution,  not 
faturated  with  oxigene. 

1.  Phofphorus  is  moil  completely  decompofed 
by  the  flow  combuftion.  For  this  purpofe  the 
neck  of  a  glafs  funnel  is  inferted  into  a  bottle, 
and  flicks  of  phofphorus  are  difpofed  round  in 
the  funnel,  fo  as  not  to  touch  each  other  ;  a 
fmall  piece  of  glafs  tube  being*  put  into  the 
neck,  to  prevent  their  falling  through.  A  pa- 
per is  tied  over  the  funnel.  The  phofphorus  is 
flowlv  decompofed ;  and,  as  it  becomes  con- 
verted into  a  fluid,  it  flows  into  the  bottle, 
where  it  forms  a  liquid  without  fmell  or  colour. 
This  acid  almoft  always  retains  a  fmall  quantity 
r  of  undecompofed  phofphorus,  from  which  it 
may  be  cleared  by  digefting  -  alcohol  upon  it, 
which  diflblves  the  phofphorus  without  volatiliz- 
ing the  acid. 

One  ounce  of  phofphorus  produces  in  this 
manner  three  ounces  of  phofphoric  acid. 

3.  The   nitric   acid   may  be  decompofed  by 
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digcftion  upon  phofphorus.  The  nitrous  gas 
is  diilipated  ;  and  the  oxigcnc  remains  united  to 
the  phofphorus,  with  which  it  forms  phofphoric 
acid.  When  the  nitric  acid  is  very  concen- 
trated, the  phofphorus  takes  fire,  and  burns  at 
its  furface.  I  published  this  procefs,  with  all 
the  circumftances  of  the  operation,  in  1780, 
the  fame  year  in  which  the  excellent  Memoir 
of  Mr.  Lavoiiier  on  the  famequeftion  was  print- 
ed, and  of  which  I  had  then  no  knowledge. 

The  water  in  which  phofphorus  is  kept,  con- 
tract acidity  in  the  courfe  of  time  ;  which  ihews 
that  the  water  itfclf  is  decompofed,  and  yields 
its  oxigene  to  the  phofphorus. 

Phofphorus  precipitates  fome  metallic  oxides 
from  their  folutions  in  the  metallic  ftatc.  It  is 
obferved  that  acid  is  formed  in  this  operation  ; 
which  proves  that  the  oxigene  quits  the  metal  to 
unite  with  the  phofphorus. 

The  phofphoric  acid  is  clear,  inodorous,  with- 
out being  corrofive.  It  may  be  concentrated  to 
drynefs.  Crell  having  concentrated  it  to  dry- 
nefs,  found  its  fpeciric  gravity,  compared  with 
water,  to  be  as  3.1. 

This  acid  is  very  fixed.  If  it  be  concentrated 
in  a  mattrafs,  the  water  is  firft  diilipated,  a  fmell 
of  garlic  is  loon  perceived,  which  arifes  from  a 
portion  of  phofphorus,    from  which  this  acid  is 

difficultly 
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difficultly  cleared  :  and  vapours  like  wife  rife; 
The  liquor  becomes  turbid,  aflumes  a  milky 
appearance,  and  a  pafty  confidence;  and  if  the 
matter  be  put  into  a  crucible,  on  hot  coals,  it 
boils  coniiderably.  -The  vapour  which  iflues 
renders  the  flame  green  ;  and  the  mats  at  lait  be- 
comes converted  into  a  white  tranfparent  gla% 
infoluble  in  water. 

The  phofphoric  acid  has  no  action  on  quartz. 

It  difiblves  clay  with  ebullition. 

It  difiblves  barytes ;  and  unites  to  clay  with 
fmgular  facility,  with  which  it  forms  a  fait  of 
fparing  folubility.  The  folution,  when  well 
charged,  lets  fall,  at  the  end  of  four-and-twenty 
hours,  cryitals  in  fmall  thin  flattened  needles, 
teveral  lines  long,  and  obliquely  truncated  at 
each  end.  The  phofphoric  acid  precipitates  lime 
from  lime-water,  and  forms  a  true  phofphatc  of 
lime,  verv  fnnilar  to  the  bails  of  bones,  anddecom- 
pofable  by  the  mineral  acids  like  that  fubitancc. 

The  phofphoric  acid,  Saturated  with  potafh, 
forms  a  very  foluble  fait,  which  affords  tetra- 
hedral  cryitals  terminating  in  tetrahedral  pyra- 
mids. This  phofphatc  is  acid,  fwells  up  on  hot 
coals,  and  is  difficult  of  fufion.  Lime-water 
decom poles  it. 

Soda,  combined  with  the  phofphoric  acid,  af- 
fords a  fait  of  a  tafte  refemblinor  that  of  the 


o 
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muriate  of  focla.  This  phofphate  does  not  cryf- 
tallize,  but  becomes  converted  into  a  gummy 
and  deliquefcent  mafs  by  evaporation.  M.  Sage 
affirms  that  the  phofphate  of  foda  prepared  with 
the  acid  of  the  flow  combuftion,  forms  a  fait 
fufceptible  of  crystallization. 

Dr.  George  Pearfon  has  combined  the  phof- 
phoric acid  obtained  by  nitric  acid  with  foda, 
and  obtained  a  neutral  fait  in  rhomboids. 

fait,  though  faturated,  turns  fyrup  of 
violets  green,  efiiorefces  in  the  air,  and  has  a  (a 
tafte  refembling  that  of  common  fait.  It  purges 
in  the  dofe  from  fix  to  eight  drams,  without 
producing  either  naufea  or  griping,  and  has 
not  a  difagreeable  tafie. 

The  phofphoric  acid  acts  only  on  a  fmall 
number  of  metallic  fubltances.  On  this  fubjecl: 
the  works  of  MefT.  Margraaf  and  Dc  Mor- 
vcau  may  be  confultcd. 

The  phofphoric  acid  has  a  very  evident  ac- 
tion on  oils.  Mixed  with  an  equal  portion  of 
olive  oil,  it  acquires  a  fawn  colour  by  mere  agi- 
tation, which  fubfifts  even  after  the  feparation. 
This  (hade  increafes  if  the  two  fluids  be  digefted 
together ;  the  acid  becomes  thick ;  and  the  oil 
which  floats  above  becomes  black  and  coalvj 
and  emits  a  ftrong  fmell. 

Vol.  III.  B  b  CHAP. 
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CHAP.      X. 

Coticeming  certain  Subftances  obtained  from  AnU 
trials  for  the  Ufe  of  Medicine  and  the  Arts. 

rjpHERE  is  not  perhaps  any  animal  pro- 
A  duel  whofe  virtues  have  not  been  cele- 
brated by  fome  of  the  phyficians ;  and  there  are 
few  animals  which  have  not  at  fome  time  or 
other  been  mentioned  as  contributing  to  the  ad- 
vantage of  medicine.  Time  however  has  happily 
condemned  to  oblivion  thofe  productions  which 
ought  never  to  have  poflefTed  celebrity  :  and  we 
jfhall  accordingly,  on  the  prcfent  occafion,  attend 
only  to  fuch  as  experience  has  fhewn  to  poflefs  the 
virtues  and  powers  attributed" to  them. 

We  fhall  not  therefore- treat  of  the  lungs  of 
the  fox,  the  liver  of  the  wolf,  the  feet  of  the 
elk,  the  jaws  of  the  carp,  the  nefts  of  the  fwal- 
low,  the  powder  of  the  toad,  the  dung  of  the 
peacock,  the  heart  of  the  viper,  the  fat  of  the 
badger,  nor  even  that  of  the  hanged  male- 
factor. 

Various  quadrupeds,  cetaceous  animals,  birds, 
and  fifties,  afford  products  in  which  chemical 
and  medical  experience  has  afcertained  very 
evident  virtues. 

ARTI- 
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ARTICLE      I. 

Concerning  the  Produces  afforded  by  Quadru* 
peds. 

Under  this  article  we  fhall  treat  of  the  pro- 
duels  moll:  in  ufe  which  are  extracted  from 
quadrupeds.  Thefe  are  caftoreum,  mufk,  and 
hartfhorn. 

1.  The  name  of  Caftoreum  is  g;ven  to  an 
unctuous  fluid  contained  in  two  pouches  fituated 
in  the  inguinal  region  of  the  male  or  female 
caftor.  An  accurate  defcription  of  it  may  be 
feen  in  the  Encyclopedic  This  very  odorant 
fubftance  is  foft,  and  nearly  fluid  when  recently 
extracted  from  the  animal ;  but  it  dries  in  the 
courfe  of  time.  It  has  an  acrid,  bitter,  and 
naufeous  tafte;  and  its  fmell  is  ftrong,  aromatic, 
and  even  ftinking. 

Alcohol  diflblves  a  refin  which  colours  it;  wa- 
ter extracts  an  abundant  principle.  By  evapo- 
ration of  the  water  a  fait  is  obtained,  the  nature 
of  which  is  little  known.  Caftoreum  affords  by 
diftillation  a  fmall  quantity  of  volatile  oil,  am- 
moniac, &c. 

The  ufes  of  caftor  in  the  ceconomv  of  the 

animal   are  unknown.     The  ancients  had  the 
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credulity  to  believe  that  the  creature  itfelf  took 
it  when  its  ftomach  was  weak. 

It  is  ufed  in  medicine  as  a  powerful  antifpaf- 
modic,  in  the  dofe  of  a  few  grains  in  fubftance; 
and  it  enters  as  a  component  part  into  bolufes, 
extracts,  &c.  It  is  advantageoufly  joined  with 
'opium;  and  its  fpirituous  tincture  is  alfo  pre- 
scribed in  fuitable  liquids,  in  a  dofe  from  twenty- 
four  to  thirty-fix  drops. 

We  fee  clearly,  from  the  little  chemical  infor- 
mation we  poliefs  refpecting  this  fubftance,  that 
it  is  a  refih  joined  with  a  mucilage,  and  a  fait 
which  facilitates  the  union  of  its  principles. 

i.  The  name  of  Mufk  is  given  to  a  perfume 
obtained  from  various  animals.  In  1726  an  ani- 
mal was  received,  under  the  name  of  the  Mufk 
Animal,  in  the  Royal  Menagerie,  which  came 
from  Africa,  and  refembled  the  civet.  M. 
Perrault  has  left  a  defeription  of  it.  It  was  fup- 
ported  fix  years  upon  raw  flefh.  M.  De  la 
Peyronnie  gave  a  very  good  defeription  of  it  to 
the  Academy  of  Sciences  for  the  year  1731. 

The  organ  which  contained  the  mufk  was 
iituated  near  the  genital  parts  (it  was  a  female). 
At  the  aperture  of  the  bag  which  contained  the 
mufk  the  fmell  was  fo  flrong,  that  M.  De  la  Pey- 
ronnie could  notinfpecl  it  without  inconve- 
nience.    This  liquor  is  prepared  by  two  glands, 
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which  tranfmit   it  into  the  common  refcrvoir 
through  a  number  of  fmall  perforations. 

The  other  animal  which  affords  mulk  in  the 
Eaft,  is  of  the  clafs  of  iquirrels.  It  is  very  com- 
mon in  Chincfe  Tartary.  It  carries  the  mufk 
in  a  bag  beneath  the  navel.  This  bag,  projecting 
outwards  of  the  fize  of  a  pullet's  egg,  is  formed 
of  a  membranous  and  mufcular  fubftance,  pro- 
vided with  a  fphincter.  Many  glands  are  ob- 
fervable  within,  which  feparate  the  humour. 
As  foon  as  the  beaft  is  killed,  this  bladder  is  cut 
off  and  tied  up  :  but  its  contents  are  adulterated 
with  the  tefticles,  the  blood,  and  other  offal  of 
the  animal ;  for  each  creature  affords  no  more 
than  three  or  four  gros.  Mulk  muft  be  chofen 
foft,  unctuous,  and  odorant ;  and  ought  to  be 
confumcd  totally  upon  hot  coals.  The  mufk 
of  Tonquin,  which  is  molt  efteemed,  is  contained 
in  bags  covered  with  brown  hair:  but  that  of 
Bengal  is  covered  with  white  hair. 

Mulk  contains  nearly  the  lame  principles  as 
caftoreum.  The  fmell  of  pure  and  unmixed 
mufk  is  too  flrong  and  oppreflive.  It  is  rendered 
mild  by  mixture  with  other  fubftances.  It  is 
little  ufed  in  medicine ;  is  a  powerful  antifpaf- 
modic  in  fome  cafes ;  but  ought  to  be  admini- 
itercd  with  caution,  becaufe  it  often  excites 
nervous  affections  inftead  of  calming  them. 

B  b  3  The 


374  Mujk.     Hart/horn. 

The  fmell  of  mufk  predominates  in  certain 
animals.  M.  De  la  Peyronnie  knew  a  man  from 
whofe  left  arm-pit  there  was  emitted  fo  flrong  a 
fmell  of  mufk  during  the  fummer,  that  he  was 
obliged  to  weaken  it  to  avoid  inconvenience. 

3.  Hartfhorn  affords  feveral  products  which  are 
much  employed  in  medicine.  The  preference 
is  given  to  this  horn  becaufe  it  contains  lefs 
earthy  fait  than  bones ;  but  all  kinds  pf  horn 
may  be  ufed  indifcriminately. 

Hartfhorn  was  formerly  calcined  with  the 
greatefl  care,  and  ufed  as  a  remedy  againfl  al- 
vine  fluxes. 

The  products  of  hartfhorn  which  are  moftly 
ufed  at  prefent,  are  thofe  obtained  by  diftillation. 
An  alkaline  phlegm  is  firfl  obtained,  which  is 
called  the  Volatile  Spirit  of  Hartfhorn.  Next 
comes  over  a  reddifh  oil,  more  or  lefs  empyreu- 
rnatic;  and  a  very  great  quantity  of  carbonate  of 
ammoniac,  foiled  and  coloured  by  the  empy- 
reumatic  oil.  The  oil  which  colours  the  fal( 
may  be  difengaged  by  means  of  fpirit  of  wine, 
which  diflblves  it.  The  coaly  refidue  contains, 
natrum,  fulphate,  and  phofphate  of  lime ;  from 
which  phofphorus  may  be  obtained  by  the  pro- 
ceffes  already  defcribed. 

The  fpirit  and  the  fait  obtained  from  hartfhorn 
are  ufed  in  medicine  as  good  antifpafmodics. 

The 
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The  oil  duly  rectified  forms  the  animal  oil  of 
Dippel.  As  the  higheft  virtues  have  been  at- 
tributed to  this  fubltance,  a  thoufand  methods 
have  been  attempted  to  purify  it.  For  a  long 
time  it  was  ufual  to  rectify  it  a  great  number  of 
times,  in  order  to  have  it  white  and  fluid.  But 
MefT.  Model  and  Baume  have  advifed  taking 
only  the  flrft  portion  which  comes  over,  becaufe 
this  is  the  mod  attenuated,  and  the  whiteft. 
Rouelle  advifes  diftillation  with  water ;  and  as 
the  mofl  volatile  part  only  rifes  with  the  heat  of 
boiling  water,  there  is  a  certainty  of  having  it 
very  fine  by  this  means.  For  my  part,  I  diflil 
the  empyreumatic  oil  with  the  earth  of  Murviel, 
which  retains  all  the  colouring  part ;  and  by  this 
means  I  have  it  at  once  white  and  attenuated. 

This  is  odorant,  and  has  all  the  properties  of 
the  volatile  oils :  but  it  turns  iyrup  of  violets 
green,  as  3V{r.  Parmentier  has  obferved  ;  which 
proves  that  it  retains  a  fmall  quantify  of  volatile 
alkali.  This  oil  is  ufed  in  dofes  of  a  few  drops 
in  nervous  affections,  epilepfy,  &c.  It  is  ufed 
externally,  by  rubbing  it  on  the  fkin,  as  a  feda- 
tive,  and  to  remove  obftruclions  ;  but  the  great 
virtues  formerly  attributed  to  it  are  not  much 
credited  at  prefent. 


Bb4  ARTI- 
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ARTICLE    II, 

Concerning  certain  Products  afforded  by  Fifties, 

The  oil  of  fifh,  and  fpermaceti,  are  the  moll 
ufed  among  the  products  obtained  from  fifhes. 

Spermaceti  is  a  concrete  oil^  extracted  from  the 
cacholot.  The  name  of  Sperma-ceti  is  very  im- 
proper. Thefe  animals  are  of  a  prodigious 
fize,  and  afford  large  quantities  of  this  matter, 
Plomet  relates  that  in  1688  a  Spanifh  fhip  took  a 
whale  whofe  head  afforded  twenty-four  barrels 
of  brains,  and  the  body  ninety-fix  barrels  of 
fat.  This  fpermaceti  is  always  mixed  with  a 
certain  quantity  of  inconcrefcible  oil,  which  is 
carefully  removed. 

Spermaceti  burns  with  a  very  white  flame.  It 
is  made  into  candles  at  Bayonneand  at  St.  Jean 
de  Luz.  Thefe  candles  are  of  a  mining  white 
colour,  become  yellow  in  procefs  of  time,  but 
not  fo  foon  as  wax  and  the  denfe  oils. 

If  it  be  diftilled  on  a  naked  fire,  it  does  not 
afford  an  acid  phlegm,  but  rifcs  totally,  at  the 
fame  time  that  it  affumes  a  reddifh  tinge.  Several 
repeated  diflillations  deprive  it  -  of  its  natural 
confiflence. 

The  fulphuric  acid  diflblves  it ;  and  this  folu- 
tion   is  precipitated  like  the  oil  of  camphor. 

The 
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The  nitric  and  muriatic  acids  have  no  action 
upon  it. 

Cauftic  alkali  difiblves  fpcrmaceti,  and  form3 
a  foap  which  gradually  acquires  folidity. 

Alcohol  difiblves  (permaceti  by  the  afiiflance 
of  heat,  but  lets  it  fall  as  it  cools.  Ether  like- 
wife  diflblves  it. 

The  fixed  and  volatile  oils  diflblve  it  by  the 
affiftance  of  heat. 

This  fubftance  was  formerly  much  ufed.  It 
was  given  as  an  emollient  and  foftening  remedy: 
but  at  prefent  it  is  almoft  forfaken,  and  not  with- 
out caufe;  for  it  is  heavy,  infipid,  and  naufeous. 

The  egg,  the  fcales,  and  the  black  fluii 
the  cuttle-fifh  are  full  ufed  in  medicine.  The 
eggs  deterge  the  kidneys,  and  excite  urine  and 
the  courfes.  The  fcales  and  bones  of  the  cuttle- 
fifh  are  applied  to  nearly  the  fame  ufes :  they 
fcre  likewife  ufed  as  an  aftringent ;  and  enter  into 
dentifrice  powders,  collyria,  &c.  The  gold- 
fmiths  likewife  ufe  them  to  make  their  moulds 
for  cafting  fpoons,  forks,  toys,  &c.  becaufc  it* 
fpongy  part  eafily  receives  the  imprefiion  of 
metals.  The  black  humour  of  the  cuttle-fifh, 
which  is  found  in  a  bag  near  the  coecum,  and 
of  which  Mr.  Le  Cat  has  given  a  defcription, 
may  be  ufed  inftead  of  ink.  We  read  in  the  Sa- 
tires of  Perfius  that  the  Romans  ufed  it  as  an  ink; 

and 
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and  Cicero  calls  it  Atramentum.  It  feems  that 
the  Chinefe  ufe  it  as  the  bafis  of  their  famous  ink. 
"  Sepia  pifcis  eft  qui  habet  fuccum  nigerrimum,, 
inftar  atramenti,  quem  Chinenfes  cum  brodio  ori- 
zae,  vel  alterius  leguminis,  infpiftant  et  formant, 
et  in  univerfum  orbem  tranfmittunt,  fub  nomine; 
Atramenti  Chinenfis,?  (Pauli  Hermani  Cynofura, 
t.  i.  p.  17,  par.  2,).  Pliny  was  of  opinion  that 
the  black  humour  of  the  cuttle-nth  was  its  blood, 
Rondelet  has  proved  that  it  is  the  bile.  This 
is  the  fluid  the  cuttle-fifh  difgorges  whdh  in 
danger :  a  very  fmall  quantity  is  fufficient  tci 
blacken  a  large  quantity  of  water. 

Calcined  oyfter  fhells  are  likewife  ufed  in, 
medicine  as  an  abforbent. 

The  oil  extracted  from  fifh  is  of  the  greatefl* 
ufe  in  the  arts. 

ARTICLE     III. 

Concerning  certain  Products  afforded  by  Birds. 

Moft  of  the  birds  are  ufed  at  our  tables  as  a 
delicate  food,  but  few  afford  any  medical  pro- 
ducts. The  eagle  Hones,  to  which  fo  much 
virtue  had  been  attributed  for  facilitating  labours, 
the  plaflers  of  fwallows  nefts,  and  other  fimi- 
lar  fubftances,  have  all  fallen  into  neglect,  as  the 
natural  confequence  of  the  obfervation  of  matter 

of 
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of  fact  being  fubftituted  in  the  place  of  credu- 
lity and  fuperftition.  The  anajyfis  of  eggs  be- 
gins to  be  known.  They  conlift  of  four  parts : 
an  offeous  covering,  called  the  fhell ;  a  mem- 
brane which  covers  the  conftituent  parts  of  the 
egg ;  the  white ;  and  the  yplk,  which  occupies 
the  centre. 

The  fhell,  like  bones,  contains  a  gelatinous 
principle,  and  the  phofphate  of  lime. 

The  white  is  of  the  fame  nature  as  the  ferum 
of  blood.  It  renders  iyrup  of  violets  green, 
and  contains  uncombined  chalk ;  heat  coagu- 
lates it ;  by  diitillation  it  affords  a  phlegm  which 
eafily  putrefies ;  it  becomes  dry  like  horn  ;  and 
carbonate  of  ammoniac,  and  empyreumatic  oil 
come  over.  A  coal  remains  in  the  retort,  which 
affords  foda,  and  phofphate  of  lime.  M.  Deyeux 
Jias  alfo  obtained  fulphur  by  fublimation. 

Acids  and  alcohol  coagulate  it. 

If  it  be  expofed  to  the  air  in  thin  leaves,  it 
dries,  and  becomes  confiftent ;  and  it  is  on  this 
property  that  the  cuflom  is  founded  of  pafling 
the  white  of  egg  over  the  furface  of  paintings,  to 
give  them  that  brightnefs  which  is  produced  by 
varnifh,  and  alfo  to  defend  them  from  the  air. 
The  drying  may  be  haftened  by  quick-lime ;  and 
this  mixture  affords  a  lute  of  the  greateft  tena- 
city. 

The 
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The  yolk  of  egg  likewife  contains  a  Iym- 
phatic  fubftance,  mixed  with  a  certain  quan- 
tity of  mild  oil,  which  on  account  of  this  mix- 
ture is  foluble  in  water.  It  is  this  animal 
emulfion  which  is  known  in  France  by  the  name 
oila'it  de poulle.  Yolk  of  egg  expofed  to  the 
fire  affumes  a  confluence  lefs  hard  than  the 
white.  If  it  be  bruifed,  it  appears  to  bave 
icarcely  any  confidence ;  and  if  it  be  fubjecled 
to  the  prefs,  it  gives  out  the  oil  it  contains. 
This  oil  is  very  emollient,  and  is  ufed  external- 
ly as  a  liniment.  There  is  the  greater!  analogy 
between  the  eggs  of  animals  and  the  feeds  of 
vegetables  ;  fince  both  contain  an  oil  rendered 
foluble  in  water  by  the  admixture  of  a  glutinous 
fubftance. 

The  yolk  of  egg  renders  oils  and  refins  folu- 
ble; and  this  fubftance  is  accordingly  much 
ufed  for  that  purpofe. 

Calcined  egg-fhells  are  an  abforbent. 

White  of  egg  is  fuccefsfully  ufed  to  clarify 
vegetable  juices,  whey,  liquors,  &c.  It  coagu- 
lates by  heat ;  and  then  rifes  to  the  furface  of 
thefe  fluids,  carrying  with  it  all  the  impuritiea 
they  contain. 
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ARTICLE     IV. 

Concerning  certain  Products  afforded  by  Infects. 

Millepedes,  cantharides,  kermes,  cochenille, 
and  lac,  are  the  only  fubftances  we  fhall  here 
treat  of,  becaufe  thefe  arc  not  only  the  moft  ufed, 
but  are  likewife  the  bed  known  among  the  pro- 
ducts of  infects. 

1.  Cantharidcs. — The  cantharides  are  final! 
infects  with  greenifh  wings.  They  are  very  com- 
mon in  hot  countries ;  and  are  found  on  the 
leaves  of  the  afh,  the  rofe-tree,  the  poplar,  the 
walnut-tree,  the  privet,  &c. 

Cantharides  in  powder,  applied  to  the  epider- 
mis, caufe  Witters,  excite  heat  in  the  urine,  ftran- 
gury,  thirft,  and  fever.  They  produce  the 
fame  effect  taken  internally  in  a  fmall  dofc.  We 
read  in  Pare  that  a  cotlrtezan  having  prefented 
a  ragout  powdered  with  cantharides  to  a  young 
man  who  flipped  with  her,  this  unfortunate  per- 
fon  was  attacked  with  a  priapifm,  and  lofs  of 
blood  by  the  anus,  of  which  he  died.  Boyle 
affirms  that  pains  at  the  neck  of  the  bladder  have 
been  produced  by  the  handling  of  cantharides. 

We  are  indebted  to  Mr.  Thouvenel  for  fome 
information  refpecting  the  conftituent  principles 

of 
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of  thefe  infects.  Water  extracts  a  very  abund- 
ant principle,  which  colours  it  of  a  reddifh  yel- 
low, and  alfo  a  yellowifh  oily  principle.  Ether 
takes  up  a  green  very  acrid  oil,  in  which  the 
virtue  of  the  cantharides  moft  eminently  refides. 
So  that  an  ounce  of  cantharides  affords— 


gros.  grains. 
Reddifh  yellow  bitter  extract          —       — .         3  q 

Yellow  oily  matter         —         —         o  12 

Green  oily  fubftance,  analogous  to  wax      —       o  60 
Parenchyma,  infallible  in  water  and  alcohol  — .  4  o 


8 


To  form  a  tincture  which  unites  all  the  pro- 
perties of  cantharides,  a  mixture  muft  be  made 
of  equal  parts  of  water  and  of  alcohol,  and  thD 
infecls  digefted  in  it.  If  this  tincture  be  dis- 
tilled, the  fpirit  which  comes  over  retains  the 
fmell  of  cantharides. 

If  fpirit  of  wine  alone  be  ufed,  it  takes  up 
merely  the  cauftic  part :  hence  it  appears  that 
the  virtue  of  thefe  infects  may  be  increafed  or 
diminimed  according  to  the  exigence  of  the 
cafe. 

The  tincture  of  cantharides  may  be  ufed  with. 
fuccefs  externally,  in  the  dofe  of  two  gros,  four 
gros,  one   or  even  two  ounces,   in  rheumatic 

pains. 
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£ains,  fciatica,  wandering  gout,  &c.  It  heats 
the  parts;  accelerates  the  circulation;  excites 
evacuations  by  perfpiration,  urine,  or  ftool,  ac- 
cording to  the  parts  to  which  it  is  applied. 

Mr.  Thouvenel  tried  upon  himfelf  the  effect 
of  the  green  waxy  matter.  When  applied  on 
the  fkin  in  the  dofe  of  nine  grains,  it  raifed  a 
blifter  full  of  ferofity. 

2.  The  wood-lice,  millepedes,  afelli,  porceilL 
« — This  infect  is  ufually  found  in  moift  places, 
under  Hones,  or  beneath  the  bark  of  old  trees. 
It  avoids  the  light,  and  endeavours  to  conceal 
itfelf  when  difcovered.  When  it  is  touched,  it 
rolls  up  in  the  form  of  a  globe.  This  infect 
is  ufed  in  medicine  as  an  incifive,  aperitive, 
and  alterative  remedy.  It  is  prefcribed  either 
pounded  alive,  and  put  into  a  proper  liquid ;  or 
dried  and  pulverized,  in  which  laft  form  they 
enter  into  extracts,  pills,  &c.  The  millepedes 
are  given  in  the  dofe  of  fourteen,  fifteen, 
twenty,  or  more,  according  to  the  exigency. 
Mr.  Thouvenel  has  given  us  fome  information 
concerning  the  conftituent  principles  of  thefe 
infects.  He  obtained  by  diftillation  an  infipid 
or  alkaline  phlegm ;  the  refidue  afforded  an 
extractive  matter,  an  oily  or  waxy  fubftance 
foluble  in  fpirit  of  wine  only,  and  marine  fait 
with  an  earthy  and  an  alkaline  bafe. 

3.  Coc\i- 
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3.  Cochenille. — Cochenille  is  a  fubftance  iifed 
in  dyemg  fcarlet  and  purple.  It  is  met  wi 
commerce  in  the  form  of  fmall  grdns  of  a  fin- 
gular  figure,  moitly  convex  with  1  le  grooves 
on  one  fide,  and  concave  on  the  othc  r.  The  co- 
lour of  good  cochenille  is  grey  mixed  with  reddifh 
and  white.  It  is  at  prefent  well  determined  that  it 
is  an  infect.  Simple  infpe£tion  with  a  magni- 
fier fufficiently  proves  this ;  and  the  Wings  and 
feet  of  this  in  feci  may  be  developed  by  expof- 
ing  it  to  the  vapour  of  boiling  water,  or  by  di- 
gesting it  with  vinegar.  The  cochenille  is  col- 
lected in  Mexico,  upon  plants  to  which  the 
names  of  Indian  Fig,  Raquette  Nopal,  are  gi- 
ven. Thefe  plants  bear  fruits  wThich  refemble 
our  figs ;  tinge  the  urine  of  thofe  who  eat 
them  ;  and  probably  communicate  to  the  coche- 
nille the  property  which  makes  it  ufeful  to  the 
dyer.  The  Indians  of  Mexico  cultivate  the  no- 
pal near  their  habitations,  and  fow  as  it  were 
the  infect  which  affords  the  cochenille.  They 
make  fmall  nefls  of  mofs  or  fine  herbs,  put  twelve 
or  fourteen  cochenilles  into  each  neft,  place 
three  or  four  of  thefe  ncfts  on  each  leaf  of  the 
nopal,  and  fatten  them  there  by  the  prickles  of 
the  plant :  in  the  courfe  of  a  few  days,  thoufands 
of  fmall  infects  iffue  out,  and  fix  themfelves 
upon  the  parts  of  the  leaf  which  are  bell  fhel- 
6  tered, 
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tered,  and  afford  the  moft  nourifhmcnt.  The 
cochcnilles  are  collecled  fevcral  times  in  the 
courfe  of  the  year :  and  are  deprived  of  life  by 
fcalding  them,  or  by  putting  them  into  an  oven; 
after  which  they  are  dried  in  the  fun.  Two 
kinds  of  cochenille  are  diftinguilncd  :  the  one 
which  is  produced  without  culture,  and  is  called 
Sylveftre ;  and  the  other  cultivated,  which  is 
called  Mefteque.  This  laft  is  preferred.  It  has 
been  calculated,  in  the  year  1736,  that  eight 
hundred  and  eighty  thoufand  pounds  weight  of 
Cochenille  .was  annually  imported  into  Europe. 
Mr.  Ellis  has  communicated  a  very  good  de- 
fcription  of  the  cochenille  to  the  Royal  Society 
of  London. 

This  fubftance  is  more  efpecially  ufed  in  dye- 
ing :  its  colour  takes  readily  upon  wool ;  and  the 
moft  fuitable  mordant  is  the  muriate  of  tin. 
Mr.  Macqucr  has  difcovered  a  method  of  fixing 
this  colour  upon  filk,  by  impregnating  the 
filk  with  a  folution  of  tin  before  it  is  plunged 
into  the  bath  of  cochenille;  inftead  of  mixing 
a  folution  in  the  baths,  as  is  done  for  woollens., 

4.  Kermes. — Kermes  is  a  kind  of  excref- 
cencc,  of  the  flze  of  a  juniper- berry,  which  is 
greatly  employed  in  medicine  and  the  arts. 

The  tree  which  bears  it  is  known   by  tha 

Vol.  IH.  C  c  name 
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name  of  Quercus  Ilex.  •  It  grows  in  hot  coun- 
tries; in  Spain,  Languedoc,  Provence,  &c. 
The  female  of  the  coccus  fixes  itfelf  on  the 
plant :  it  has  no  wings,  but  the  male  has.  When 
fhe  is  fecundated,  fhe  becomes  large  by  the  deve- 
lopment of  her  eggs:  fhe  perimes,  and  the  eggs 
are  hatched.  It  is  collected  before  the  develop- 
ment of  the  eggs ;  for  which  purpofe,  the  morn- 
ing is  taken,  before  the  heat  has  acted  upon  the 
eggs.  The  grains  are  collected  and  dried,  to  deve- 
lop the  red  colour ;  they  are  then  lifted,  to  fe- 
parate  the  powder;  and  laftly  they  are  fprinkled 
with  good  vinegar,  to  kill  the  infect,  which 
would  otherwife  come  forth  in  a  fhort  time. 

Kcrmes  is  much  ufed  in  the  arts :  it  affords 
a  good  red,  but  lefs  brilliant  than  that  of  the 
cochenille. 

A  very  celebrated  fyrup  of  kermes  is  made, 
by  mixing  three  parts  of  fugar  with  one  of  the 
grains  of  kermes  pulverized.  This  mixture  is 
kept  for  a  day  in  a  cool  place :  the  fugar  during 
this  time  unites  with  the  juice  of  the  kermes; 
and  forms  with  it  a  liquor  which,  when  drawn 
off  by  expreflion,  has  the  confidence  of  fyrup. 
The  celebrated  confectio  alkermes  is  made  with 
this  fyrup. 

The  grains  of  kermes  given  in   fubflance, 

from 
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from  half  a  fcruple  to  a  gros  or  dram,  are  cele- 
brated for  preventing  abortion. 

The  grain  and  the  fyrup  of  kermes  are  an 
excellent  flomachic. 

5.  Lac,  or  gum-lac. — This  is  a  kind  of  wax, 
collected  by  red  winged  ants  from  flowers  in  the 
Eaft  Indies,  which  they  tranfport  to  the  fmall 
branches  of  the  tree  where  they  make  their  nefts. 
The  nefts  are  full  of  fmall  cells,  in  which  a 
red  grain  is  found  when  the  mafs  is  broken. 
This  fmall  grain  is,  to  all  appearance,  the 
egg  from  which  the  flying  ant  derives  its 
origin. 

Mr.  Geoffroy  has  proved,  in  a  Memoir  in* 
ferted  among  thofe  of  the  Academy  for  the  year 
1 7 14,  that  this  muft  have  been  a  kind  of  comb, 
approaching  to  the  honeycomb  of  bees,  the  cells 
of  which  are  formed  of  a  fubttance  analogous  to 
wax    . 

The  colouring  part  of  lac  may  be  taken  up 
by  water,  which,  when  evaporated,  leaves  the 
colouring  principle  difengaged.     It  is  the  fine 

*  For  a  defcription  and  drawing  of  the  infect  which  af- 
fords the  lac,  confult  Keir  in  the  Philof.  Tranf.  vol.  lxxi. 
p.  374 ;  alfo  Saunders,  in  the  fame  work,  vol.  lxxix.  for  the 
method  of  purifying  the  lac  ;  or  a  fliort  abridgment  of  both, 
in  Nicholfon's  Firft  Principles  of  Chemiftry,  p.  490.     T. 

C  c  2  lake 
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lake  ufed  for  dyeing.  Lake  is  imitated  by  ex- 
tracting the  colouring  principle  of  certain  plants 
by  well-known  procerles. 


CHAP.      XT. 

Concerning  fome  other  Acids  extracled  from  the 
Animal  Km^dom. 

INDEPENDENT  of  the  acids  afforded  by 
the  various  parts  of  the  human  body,  which 
have  been  feparately  examined  by  us,  we  find 
acids  in  moft  infects.  Lifter  points  out  one 
which  may  be  extracted  from  millepedes  (Collect. 
Acad.  torn.  ii.  p.  303).  Mr.  Bonnet  has  obferv- 
ed  that  the  fluid  ejected  by  the  great  forked-tail 
caterpillar  of  the  willow  was  a  true  acid,  and 
even  very  active  (Savans  Elrangers,  torn.  ii. 
p.  276) :  Bcrgmann  compares  it  to  the  moft 
concentrated  vinegar.  The  abbe  Boiflier  dc  Sal- 
vages has  remarked,  that  in  that  illnefs  of  the 
filk-worm,  which  is  called  mufcardin,  the  hu- 
mour of  the  worm  is  acid.  Mr.  Chauffier  of  Di- 
jon obtained  an  acid  from  grafshoppers,  from  the 
May-bug,  from  the  lampyris,  and  feveral  other 
infects,  by  digefting  them  in  alcohol.  The  fame 
ehemift  has  made  an  interefting  courfe  of  ex- 
periments 
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periments  on  the  acid  of  the  filk-worm.  He 
gives  two  methods  of  extracting  it.  The  firft 
confifts  in  bruifing  the  chryfalides,  and  {train- 
ing them  through  a  cloth.  The  fluid  which 
pafles  is  flrongly  acid  ;  but  the  acid  is  weakened 
by  various  foreign  fubftances,  of  which  it  may 
be  cleared  by  digeftion  in  fpirit  of  wine.  The 
fluid  which  pafles  the  Alter  after  this  digeftion, 
is  of  a  fine  orange  colour.  More  fpirit  of  wine 
is  to  be  poured  upon  it.  At  every  addition  of 
fpirit  a  light  whitifh  precipitate  is  formed  ;  and 
the  additions  of  fpirit  are  to  be  continued  until 
no  more  precipitate  appears. 

Inflead  of  bruifing  the  chryfalides  they  may 
be  infufed  in  fpirit  of  wine,  which  diflblves  all 
the  acid  ;  and  as  this  acid  is  lefs  volatile  than 
the  fpirit,  this  I  aft  may  be  evaporated,  and  the 
refiduc  filtered.  By  thefc  precautions  the  acid 
may  be  cleared  of  its  fpirit  of  wine,  and  of  the 
mucous  matter  which  was  diflblved,  but  remains 
on  the  filter. 

Mr.  Chaufiicr  has  proved  that  this  acid  ex- 
ifts  in  all  the  ftates  of  the  filk-worm,  even  in 
the  eggs  ;  but  that  in  the  egg  and  in  the  worm 
it  does  not  exift  in  a  difengaged  ftate,  but  com- 
bined with  a  gummy  glutinous  fubftance. 

The  acid  of  infects  which  is  bell  known,  and 

lipon  which  moil  has  been  written,  is  the  acid 

Cc3  of 
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of  ants,  or  the  formic  acid.  This  acid  is  fo  far 
in  a  difengaged  ftate,  that  the  tranfpiration  of 
thefe  animals,  and  their  fimple  contact  without 
any  alteration,  proves  its  exillence. 

The  authors  of  the  fifteenth  century  had  ob- 
ferved,  that  the  'flower  of  chickory  thrown  into 
an  ant-hill  became  as  red  as  blood. — See  Lang- 
ham,  Hieronimus  Tragus,  John  Bauhin. 

Samuel  Fifher  is  the  firft  who  difcovered  the 
acid  of  ants,  in  a  courfe  of  experiments  for  the 
analyfis  of  animal  fubftances  by  diftillation.  He 
even  tried  its  action  on  lead  and  iron ;  and  com- 
municated his  pbfervations  to  J.  Vray,  who  in- 
ferted  them  in  the  Philofophical  Tranfaclions  in 
the  year  1670.  But  it  was  the  celebrated  Margraaf 
who  more  particularly  examined  the  properties 
of  this  acid  in  1749.  He  combined  it  with 
many  fubftances,  and  concluded  that  it  greatly 
refembled  the  acetous  acid.  In  1777  this  fub- 
je6l  was  again  refumed  by  MefTrs.  ArdvidfTbn 
and  Oerhn ;  and  treated  in  a  manner  which 
leaves  little  to  be  defired,  in  their  difTertation 
publifhed  at  Leipllc. 

The  ant  which  affords  the  greater!:  quantity 
of  acid,  is  the  large,  red  ant  which  is  found  in 
dry  and  elevated  places. 

The  months  of  June  and  July  are  moil  fa- 
vourable for  the  extraction  of  this  acid  :  they  are 

then 
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then  To  penetrated  with  it,  that  their  Ample  pac- 
ing over  blue  paper  is  fufficient  to  turn  it  red. 

Two  methods  may  be  ufed  to  obtain  this 
acid  ;  diftillation,  and  lixiviation. 

To  extract  the  acid  by  diftillation,  the  ants 
are  firft  dried  by  a  gentle  heat,  and  put  into  a 
retort,  to  which  a  receiver  is  adapted,  and  the 
fire  is  raifed  by  degrees.  When  all  the  acid  is 
come  over,  it  is  found  in  the  receiver  mixed 
with  a  fmall  quantity  of  empyreumatic  oil,  which 
floats  upon  it,  and  may  be  feparatcd  by  a  fun- 
nel. Meflrs.  Ardvidflbri  and  Oerhn  obtained, 
in  this  manner,  from  each  pound  of  ants  feven 
ounces  and  a  half  of  an  acid  whofe  fpecific  gra- 
vity, at  the  temperature  of  fifteen  degrees,  was 
to  that  of  water  as  1,0075  to  i3oooo. 

In  the  procefs  by  lixiviation,  the  ants  are 
warned  in  cold  water ;  and  boiling  water  is  af- 
terwards poured  over  them,  which  is  filtered 
when  cold.  More  boiling  water  is  poured  over 
the  refiduc,  and  likewife  filtered  when  cold.  By 
this  means  one  pound  of  ants  affords  a  pint  of 
acid  as  ftrong  as  vinegar,  and  of  a  greater  fpeci- 
fic gravity.  Meflrs.  Ardvidflbn  and  Oerhn  are 
of  opinion  that  this  acid  might  be  fubftituted 
inflead  of  vinegar  for  domeftic  ufes. 

The  acid  obtained  by  thefe  proeefTes  is  never 

pure ;   but  it  may  be  purified  by  repeated  dif- 

C  c  4  filiation?, 
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tillations,  which  difengage  the  ponderous  and 
volatile  oil,  and  render  the  acid  as  clear  as 
water.  This  acid,  when  rectified  by  this  pro- 
cefs,  was  found  by  Meffrs.  ArdvidiTbn  and  Oerhn 
to  have  a  fpecific  gravity  of  1,001 1  to  i. 

The  acid  of  ants  may  like  wife  be  obtained  by 
placing  linen  cloths  impregnated  with  alkali  in 
an  ant-hilL  From  thefe  the  formiate  of  potafh, 
of  foda,  and  ammoniac,  may  be  obtained  by  lixi- 
viation.  The  formic  acid  has  fome  refemblance 
to  the  acetous  acid ;  but  the  identity  of  thefe 
two  acids  has  not  yet  been  proved.  Mr.  Thou^ 
venel  found  more  analogy  between  it  and  the 
phofphoric  acid  :  but  all  this  wants  proof. 

The  formic  acid  retains  water  with  fo  much 
force,  that  it  cannot  be  entirely  deprived  of  it  by 
diflillation.  When  it  is  exceedingly  pure,  its 
fpecific  gravity  is  to  that  of  water  as  1,0453 
to  1. 

It  affects  the  nofe  and  the  eyes  in  a  peculiar 
manner,  which  is  not  difagreeable.  Its  tafte  is 
penetrating  and  burning  when  pure,  but  agree- 
able when  diluted  with  water. 

It  pofiefTes  all  the  characters  of  acids. 

When  boiled  with  the  fulphuric  acid,  it  turns 

black  as  foon  as  the  mixture  is  heated.     White 

penetrating  vapours  arife ;  and  when  it  boils  a 

gas  is  emitted,   which  unites   difficultly  with 

6  diftille4 
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diftilled  water,  or  with  lime-water.  The  formic 
acid  is  dccompofed  in  this  operation,  for  it  is 
obtained  in  lefs  quantity. 

The  nitric  acid  diftilled  from  it  deftroys  it 
completely ;  '  a  gas  arifes  which  renders  lime- 
water  turbid,  and  is  difficultly  and  sparingly 
foluble  in  water. 

The  muriatic  acid  only  mixes  with  it  but 
the  oxigenated  muriatic  acid  decompofes  it. 

Meflrs.  ArdvidfTbn  andOerhn  have  determined 
the  affinities  of  this  acid  with  various  bafes  in  the 
following  order:  barytes,  potafh,  foda,  lime, 
magnefia,  ammoniac,  zinc,  manganefe,  iron, 
lead,  tin,  cobalt,  copper,  nickel,  bifmuth,  filver, 
alumine,  eflential  oils,  water. 

This  acid  mixes  perfedtly  with  fpirit  of  wTine. 
It  unites  difficultly  with  the  fixed  oils,  and  with 
the  volatile  oils,  by  the  affiflance  of  heat.  It  at- 
tacks foot ;  aflumes  a  fawn  colour;  and  lets  fall  a 
brown  fcdiment  as  it  cools,  which  by  diftilla- 
tion  affords  a  liquor  of  a  ycllowifh  colour,  and 
a  difagrceable  fmell,  accompanied  with  elaftic 
vapours. 


CHAR 
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CHAP.        XL 

Concerning  Putrefaclion, 

EVERY  living  body,  when  once  deprived 
of  life,  performs  a  retrograde  procefs,  and 
becomes  decompofed.  This  decompofition  is 
called  Fermentation  in  vegetables,  and  Putrefac- 
tion in  animal  fubflances.  The  fame  caufes, 
the  fame  agents,  and  the  fame  circumftances, 
determine  and  favour  the  decompofition  of  ve- 
getables and  animals,  and  the  difference  of  the 
productions  which  are  obtained,  arifes  from  the 
difference  of  the  conflituent  parts  of  each. 

Air  is  the  principal  agent  of  animal  decom- 
pofition, but  water  and  heat  prodigioufly  faci- 
litate its  action.  "  Fermentatio  ergo  definitur 
quod  fit  corporis  denfioris  rarefactio,  particu- 
larumque  aerearum  interpofitio  :  ex  quo  conclu- 
ditur  debere  in  acre  fieri  nee  nimium  frigido,  ne 
rarefactio  impediatur;  nee  nimium  calido,  ne 
partes  raribiles  expellantur." — Becher,  Phyf.  Sub, 
lib.  i.  f.  5.  p.  313.  edit.  Francofurti. 

An  animal  fubflance  may  be  preferved  from 

putrefaction  by  depriving  it  of  the  contact  of 

ft  air; 
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air;  and  this  procefs  may  be  accelerated  or 
retarded  by  varying  or  modifying  the  purity 
of  the  fame  fluid. 

Jn  thofe  circumflanccs  wherein  we  fee  putre^ 
faction  developed  without  the  contact  of  atmo- 
spherical air,  the  effect  is  produced  by  the  water 
which  impregnates  the  animal  fubftanee,  becomes 
decompofed,  and  affords  the  element  and  the 
agent  of  putrefaction.  Hence  no  doubt  itarifes 
that  putrefaction  is  obferved  in  flefh  clofed  in 
a  vacuum. — See  Lyons,  Ten  tarn  en  de  Putrefac- 
tione. 

Moifture  is  likevvife  an  indifpenfable  requifite 

to  facilitate  putrefaction  ;  and  any  fubftanee  may 

be  defended  from  this  change   by  completely 

drying  it.     This  was  performed  by  Viltaris  and 

Cazalet  of  Bordeaux,  by  means  of  ftoves.     The 

meat  thus  prepared  was  preferved  for   feveral 

years  without  having  contracted  any  bad  flavour. 

The  fands  and  light  porous  earths  preferve  the 

bodies  of  men  only  by  virtue  of  the  property  of 

cxhaufting  their  juices,  and  drying  the  folids. 

From  this  caufe  it  is  that  entire  caravans  have 

Jjecn   difcovcred  in  Arabia,  confirming  of  men 

and    camels   perfectly    preferved    in    the  fands 

under  which  the  impetuous  winds  have  buried 

them.     In   the  library  of  Trinity    College   of 

Cambridge,  in  England,  a  human  body  may  be 

feen 
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feen  perfectly  preferved,  which  was  found  under 
the  fand  in  the  ifland  of  Teneriffe.  Too  much 
humidity  impedes  putrefaction,  according  to  the 
obfervation  of  the  celebrated  Becher:  "Nimia 
quoque  humiditas  a  putrefactione  impedit,  prout 
nimius  calor  ;  nam  corpora  in  aqua  potius  gra- 
datim  confumi  quam  putrefcere,  fi  nova  femper 
affluens  lit,  experientia  docct :  unde  longo  tem- 
pore integra  intcrdum  fubmcrfa  prorftis  a  pu- 
trefaction e  immunia  vidimus ;  adeo  ut  nobis 
aliquando  fpeculatio  occurreret,  tractando  tali 
modo  cadavera  anatomise  fubjicienda,  quo  diu- 
tius  a  fcetore  et  putrefactione  immunia  forent." 
Phyf.  Sub.  lib.  i.  f.  5.  cap.  1.  p.  277. 

In  order  therefore  that  a  body  may  putrefy,  it 
is  necefiary  that  it  mould  be  impregnated  with 
water,  but  not  that  it  mould  be  inundated.  It 
is  likewife  necefiary  that  this  water  mould  re- 
main in  the  texture  of  the  animal  body,  without 
being  renewed.  This  condition  is  requifite — 
1.  To  diflblve  the  lymph,  and  to  prefent  to 
the  air  the  moil  putrefcible  fubflance  with  the 
greater!:  extent  of  furface.  2.  In  order  that  the 
water  may  itfelf  become  decompofed,  and  by 
ibis  means  afford  the  putrefactive  principle. 
Putrefaction  is  retarded  and  fufpended  by  bak- 
ing, becaufe  the  flefh  is  dried,  and  by  that 
means  deprived  of  the  humidity,  which  is  one 

of 
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of  the  moft  active  principles  of  its  decompo- 
fition. 

A  moderate  degree  of  heat  is  likewife  a  con- 
dition favourable  to  the  animal  dccompoiition. 
his  heat  the  affinity  of:  tion  between, 

the  part?  is  weakened,  and  confequently  they  af- 
fnme  a  ftronger  tendency  to  new  combinations. 
Hence  it  arifes  that  fieili  meat  keeps   longer 
daring  the  winter  ti  2  fummer,  and  bet- 

ter   in  cold   than  in  hot  countries.      Becher 
has  given  a  very  intelligent  lkctch  of  the  influ- 
ence of  temperature  on   animal  putrefaction  : 
"  Aer  caiidus  et  humidus  maxime  ad  putrefac- 
tionem    facit  .......  corpora   frigida   et   ficca 

difnculter,  imo  aliqua  prorfus  non  putrefcunt, 
quae  ab  imperitis  proinde  pro  fanclis  habita 
fuere ;  ita  aer  frigidus  et  ficcus,  imprimis  caii- 
dus et  ficcus,  a  putrefaclione  quoque  prefer- 
vat ;  quod  in  Hifpania  videmus,  et  locis  aliis 
calidis,  ficco-calido  aere  pracditis,  ubi  corpora 
non  putrefcunt  et  refolvantur;  nam  cadavera 
in  oriente  in  arena,  imo  apud  nos  arte  in  furnis, 
ficcari,  et  fie  ad  flnem  mundi  ufque  a  putredine 
praefervari,  certum  eft :  intenfum  quoque  frigus 
a  putredine  praefcrvare;  unde  corpora  Stock- 
holmiae  tota  hyeme  in  patibulo  fufpenfa  fine 
putredine  animadvertimus."  Phyf.  Sub.  I.  i. 
cap.  1. 

Such 
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Such  arc  the  caufcs  which  are  capable  of 
determining  and  favouring  putrefaction ;  and 
hence  we  may  perceive  the  beft  means  of  pre- 
venting, incrcafing,  or  modifying  it  at  pleafure. 
A  body  will  be  preferved  from  putrefaction  by 
depriving  it  of  the  contact  of  atmofpherical  air : 
for  this  purpofe  nothing  more  is  required  than 
to  place  the  body  in  a  vacuum,  or  to  envelop  it 
in  a  covering  which  may  defend  it  from  the 
immediate  action  of  the  air  ;  or  elfe  to  envelop 
it  in  an  atmofpherc  of  fome  gafeous  fubftance 
which  docs  not  contain  vital  air.  We  fliall  ob- 
fcrvc,  on  this  fubject,  that  the  effects  observed 
in  flcili  expofed  in  theVarbonic  acid,  nitrogene 
gas,  &c.  arc  referable  to  a  iimilar  caufe  ;  and 
it  appears  to  me  that  it  is  without  fumcient  proof 
that  a  concluiion  has  been  drawn,  that  thefe 
fame  gafes,  internally  taken,  ought  to  be  con- 
fidered  as  antifeptic;  becaufe,  in  the  cafes  we 
have  mentioned,  they  act  only  by  defending  the 
bodies  they  furround  from  the  contact  of  vital 
air,  which  is  the  principle  of  putrefaction.  Pu- 
trefaction may  be  favoured  by  keeping  bodies 
at  a  fuitable  temperature.  A  degree  of  heat 
from  fifteen  to  twenty-five  degrees  diminishes 
the  adhefion  of  the  parts,  and  favours  the  action 
of  the  air :  but  if  the  heat  be  greater  it  volati- 
lizes  the  aqueous  principle,   dries  the  folids, 

and 
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and  retards  the  putrefaction.     It  is  necefTary, 
therefore,  for  the  decompofition  of  an  animal — 
1 .  That  it  have  the  contact  of  atmofpheric  air ; 
and  the  purer  this  air  is,  the  more  fpeedy  will 
be  the  putrefaction.     2.  That  it  be  expofed  to 
a  moderate  degree  of  heat.     3.  That  its  texture 
be  impregnated  with   humidity. — The  experi- 
ments  of    Pringle,    Macbride,   Gardane   have 
likewife  fhewn  us,  that  putrefaction  may  be  has- 
tened by  fprinkling  the  animal  fubftances  with 
water  containing  a  fmall  quantity  of  fait;  and  it  is 
to  a  like  caufe  that  we  ought  to  refer  fcveral 
proceffes  ufed  in  kitchens  to  produce  this  ef- 
fect in   food,  as  well  as  in  the  preparation  of 
cheefe,  the  curing  of  tobacco,  the  making  of 
bread,  &c. 

Becher  exprefles  himfelf  as  follows  on  the 
caufes  which  produce  putrefaction  in  living  bo- 
dies : — "  Caufa  putrefaclionis  primaria  defeclus 
fpiritus  vitalis  balfamini  eft;  fecundaria,  deinde, 
aer  externus  ambicus,  qui  intcrdum  adeo  putre- 
faciens  et  humidus-calidus  eft,  ut  fuperftitem  in 
vivis  etiam  corporibus  balfaminum  fpiritum  vin- 
cat,  nifi  confortando  augeatur ;  ex  quo  colligi 
poteft,  praefervantia  a  putredine  fubtilia  ignea 
oleofa  efle  debere." — This  celebrated  chemilt 
concludes,  from  the  fame  principles,  that  liga- 
tures, 
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tures,  copious  bleedings,  or  any  debilitation 
whatever,  determines  putrefaction.  He  like- 
wife  thinks  that  aftringents  oppofe  putrefaction 
only  by  condensing  the  texture  of  the  animal 
parts;  for  he  confiders  rarefaction  or  relaxation 
as  the  firft  effect  of  putrefaction.  He  thinks 
that  fpirituous  liquors  act  as  antiputrefcent 
merely  by  animating  and  ftimulating  the  vis 
vitae.  He  affirms  that  the  ule  of  falted  meats, 
which  heat  much,  affifted  by  the  moiflure  very 
common  in  (hips  and  fea-ports,  produces  the 
fcurvy;  and  he  obferves,  with  reafon,  that 
the  tendency  and  effect  of  putrefaction  are  di- 
ametrically oppohte  to  thofe  of  generation : 
"  nam  ficut  in  generatione  partes  coagulantur  et 
in  corpus  fbrmantur,  ita  in  putrefaction  e  partes 
refolvuntur  et  quafi  infbrmes  fiunt." 

As  the  phenomena  of  putrefaction  vary  ac- 
cording to  the  nature  of  the  fubflances  them- 
felves,  and  the  circumftances  which  accompany 
this  operation,  it  follows  that  it  muft  be  very 
difficult  to  defcribe  all  the  phenomena  which  it 
exhibits.  We  fhall  therefore  endeavour  to  trace  a 
only  thofe  which  appear  to  be  the  mod  conflant. 

Every  animal  fubftance  expofed  to  the  air  at 
a  temperature  above  ten  degrees  of  Reaumur, 
and  moiftened  with  its  own  ferous  humour,  pu- 
trefies; 
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trefies;  and  the  progrefsof  this  alteration  appear^. 
in  the  following  order. 

The  colour  firft  becomes  pale  ;  its  confidence 
diminifhes;  xture  becomes  relaxed;  the 

peculiar  fraell  of  frefh  meat  difappcars,  and  is 
fucceedeci  a  faint  and  drfagreeable  finell. 

The  colour  itfelf  at  this  time  inclines  to  blue ; 
as  we  fee  in  game  which  begins  to  turn,  in 
wound-  h  fall  into  fuppuiation,  in  the  va- 

rious p;  one,  and  even 

in  thatHpxefaction  of  the  curd  which  forms 
checfe.  t  of  our  food  fruTers  the  foil  de- 

grce  of  putrefaction  before  we  ufe  it. 

After  this  iirft  period  the  animal  parts  become  * 
more   and  more  foftened,   the  finell   becom-.- 
fetid,    a  d   the    colour  of  an  obfeur-s  brown ; 
the  fibrous  part  eafily  breaks ;   the  texture  be- 
comes dry,  if  the  putrefaction  be  carried  on  in 
the  open  air ;  but  the  furfaee  becomes  covered 
with  fmall  drops  of  fluid,  if  the  decompofition 
be  made  in  veffels  which  oppofe  its  evaporation. 
To  this  period  fucceeds  that  which  moft  mi- 
nutely characterizes  animal  putrefaction.     The 
putrid  and  naufeous  fmell  which  was  manifeitcd 
in  the  fecond  degree,  becomes  mixed  with  a 
fmell  of  a  more  penetrating  kind,  arifing  from 
the  disengagement  of  ammoniacal  gas :  the  ma: 
becomes  ltiil  lefs  and  lefs  confident. 

Vol.  III.  Dd  Th 
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The  laft  degree  of  decompofition  has  its  pe- 
culiar characters.   The  fmell  becomes  faint,  nau- 
feous,  and  exceedingly  active.     This,  more  es- 
pecially, is  contagious,  and  tranfmits  the  feeds 
of  infection   to  a  great  diftance :  it  is  a  true 
ferment,  which  depolits  itfelf  upon  certain  bo- 
dies,  to  appear  again  at  long  intervals.     Van 
Swieten   reports,  that   the  plague   having  ap- 
peared at  Vienna  in    1677,  and  having  again 
appeared  in  17 13,  the  houfes  which  had  been 
infected  at  its  firft  appearance  were  likewife  in- 
fected  at   the   fecond.     Van   Helmont   afTerts 
that   a   woman   contracted   an   anthrax  at  the 
extremity  of   her   fingers,  in  confequence   of 
having  touched  papers  impregnated  with  pef- 
tilential  virus.     Alexander  Benedictus  has  writ- 
ten   that    pillows   re-produced    the   contagion 
feven  years  after   having  been  infected;  that 
cords   had  remained  infected   for  thirty  years, 
and   likewife   communicated   it,   according   to 
Foreftus.     The  plague  at  Meflina  was  for   a 
long  time  concentrated  in  the  warehoufcs  where' 
merchandize   was  inclofed  with  the  fufpected"" 
bales.     Mead  has  tranfmitted  the  moil  alarm-  J 
ing  facts  concerning  the  durable  impreffion  of 
contagion. 

Whtn  the  putrefying  fubftance  is  in  its  laft 
ftage,  the  fibrous  texture  is  fcarcely  difcernible, 

and 
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and  has  no  longer  any  appearance  but  that  of 
a  foft,  diforganized  and  putrid  mafs.  Bubbles 
are  feen  to  efcape  from  the  furface  of  this  mat- 
ter ;  and  the  whole  ends  by  its  drying,  and  be- 
coming reduced  to  an  earthy  matter,  which  is 
friable  when  taken  between  the  fingers. 

We  do  not  fpeak  of  the  production  of  worms ; 
becaufe  it  appears  to  be  proved  that  they  owe 
their  origin  only  to  the  flies  which  endeavour 
*to  depofit  their  eggs  upon  fuch  bodies  as  are 
befl  fuited  to  fupport  the  young  they  contain. 
If  flefh  meat  be  well  wafhed,  and  left  to  pu- 
trefy under  a  fieve,  it  will  pafs  through  all  the 
degrees  of  putrefaction  without  the  appearance 
of  worms.  It  has  been  obferved  that  worms 
#re  of  a  different  fpecies,  according  to  the  na- 
ture of  the  difcafe,  and  the  kind  of  animal  which 
putrefies.  The  exhalation  which  arife^  from 
bodies,  in  thefe  different  cafes,  attracts  different 
ipecies  of  infects,  according  to  its  nature.  The 
opinion  of  thofe  who  believe  in  fpontaneous 
generation,  appears  to  me  to  be  contrary  to  the 
experience  and  wifdom  of  nature,  which  can- 
not have  committed  the  re- production  and 
number  of  the  fpecics  to  chance.  The  pro- 
grefs  of  nature  is  the  fame  for  all  the  claries 
of  individuals;  and  iincc  it  is  proved  that  all 
*The  known  C\  are  re-produced  in  one  and 

D  d  2  tie 
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the  fame  manner,  how  can  we  fuppofe  that  nar 
ture  departs  from  her  plain  and  gene  al  laws 
for  the  fmall  number  of  individuals  whofe  ge- 
neration is  lefs  known  to  us  ? 

Becher  had  the  courage  to  make  obfervations, 
during  the  courfe  of  a  year,  upon  the  decompo- 
iition  of  a  carcafe  in  the  open  air;  and  to  obferve 
all  the  phenomena.  The  firft  vapour  which 
rifes,  fays  he,  is  fubtile  and  naufeous :  fome 
days  after,  it  has  a  certain  four  and  penetrating 
fmell.  After  the  firft.  weeks,  the  fkin  becomes 
covered  with  a  down,  and  appears  yellowifh ; 
greenifh  fpots  are  formed  in  various  places, 
which  -afterwards  become  livid  and  black ;  a 
thick  mofiy  or  mouldy  fubflance  then  covers 
the  greateft  part  of  the  fyody;  the  fpots  open, 
and  emit  a  fanies. 

Carcafes  buried  in  the  earth  prefent  very 
different  phenomena ;  the  decompofition  in  a 
burying-ground  is  at  leafl  four  times  as  flow. 
It  is  not  perfectly  ended,  according  to  Mr. 
Petit,  till  three  years  after,  the  body  has  been 
interred,  at  the  depth  of  four  feet ;  and  it  is 
(lower  in  proportion  as  the  body  is  buried  at  a 
greater  depth.  Thefe  facts  agree  with  the  prin- 
ciples which  we  have  already  eftablifhed  for 
bodies  buried  in  the  earth,  and  fubjedled  to 
laws  of  decompofition  very  different  from  thofe 

which 
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which  take  place  in  bodies  expofed  to  the  opeii 
air.  In  this  cafe  the  decompofition  is  favoured 
by  the  waters  which  filter  through  the  earth, 
and  diflblve  and  carry  with  them  the  animal 
juices.  It  is  alfo  favoured  by  the  earth,  which 
abforbs  the  juices  with  more  or  lefs  facility. 
Meffrs.  Lemery,  Geoffroy,  and  Hunaud  have 
proved  that  argillaceous  earths  exert  a  very  flow 
aclion  upon  bodies ;  but  when  the  earths  are 
porous  and  light,  the  bodies  then  dry  very  fpeed- 
ily.  The  feveral  principles  of  bodies  abforbed 
by  the  earth,  or  carried  by  the  vapours,  are  dif- 
perfed  through  a  great  fpace,  imbibed  by  the 
roots  of  vegetables,  and  gradually  decompofed. 
This  is  what  paffes  in  burying-grounds  in  the 
open  air ;  but  it  is  very  far  from  being  applica- 
ble to  the  fepulchres  which  are  made  in  churches 
and  covered  places.  Here  is  neither  water  nor 
vegetation ;  and  confequently  no  caufc  which  can 
carry  away,  diflblve,  or  change  the  nature  of  the 
animal  fluids :  and  I  cannot  but  applaud  the 
wifdom  of  government,  which  has  prohibited 
the  burying  in  churches ;  a  practice  which  was 
once  a  fubjeel:  of  horror  and  infection. 

The  accidonts  which  have  happened  at  the 
opening  of  graves  and  vaults  are  but  too  nu- 
merous, to   render  any  apology  necefiary   for 
D  d  3  our 
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our  fpeaking  a  few  words  refpecting  the  me- 
thod of  preventing  them. 

The  decompofition  of  a  body  in  the  bowels 
of  the  earth  can  never  be  dangerous,  provid- 
ed it  be  buried  at  a  fufficient  depth,  and  that 
the  grave  be  not  opened  before  its  entire  and 
complete  decompofition.  The  depth  of  the 
grave  ought  to  be  fuch  that  the  external  air 
cannot  penetrate  it ;  that  the  juices  with  which 
the  earth  is  impregnated  may  be  conveyed  to 
its  furface;  and  that  the  exhalations,  vapours,  or 
gafes,  which  are  developed  or  formed  by  de- 
compofition, fhould  not  be  capable  of  forcing 
the  earthy  covering  which  detains  them.  The 
nature  of  the  earth  in  which  the  grave  is  dug, 
influences  all  its  effects.  If  the  ftratum  which 
covers  the  body  be  argillaceous,  the  depth  of  the 
grave  may  be  lefs,  as  this  earth  difficultly  affords 
a  paflage  to  gas  and  vapour ;  but  in  general  it 
Is  admitted  to  be  neccflary  that  bodies  fhould 
be  buried  at  the  depth  of  five  feet,  to  prevent 
all  fhcfe  unhappy  accidents.  It  is  likewife  ne 
ceifary  to  attend  to  the  circurnftance,  that  & 
grave  ought  not  to  be  opened  before  the  com- 
plete decompofition  of  the  body.  This  decom- 
pofition, according  to  Mr.  Petit,  is  not  perfect 
until  the  expiration  of  three  years,  in  graves  of 

four 
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four  feet  depth ;  or  four  years,  when  they  are  fix 
feet  deep.  This  term  affords  many  varieties, 
according  to  the  nature  of  the  earth,  and  the 
conflitution  of  the  fubjects  buried  in  it ;  but 
we  may  confider  it  as  a  medium.  The  perni- 
cious cuftom  which  allows  a  fingle  grave  to  fa- 
milies more  or  lefs  numerous,  ought  therefore 
to  be  fupprefled;  for  in  this  cafe  the  fame  grave 
may  be  opened  before  the  time  prefcribed. 
Thefc  are  abufes  which  ought  to  occupy  the 
attention  of  government ;  and  it  is  time  that 
the  vanity  of  individuals  mould  be  facrificcd 
to  the  public  fafety.  It  is  likewife  neceflary  to 
prohibit  burying  in  vaults,  and  even  in  coffins. 
In  the  firft  cafe,  the  principles  of  the  bodies  are 
fpread  into  the  air,  and  infect  it :  in  the  fecond, 
their  deeompoiltion  is  flower  and  lefs  perfect. 

If  thefe  precautions  be  ncgle6ted;  if  the  dead 
bodies  be  heaped  together  in  too  confined  a 
fpace ;  if  the  earth  be  not  proper  to  abforb  the 
juices,  and  decompofe.them  ;  if  the  grave  be 
opened  before  the  entire  decompofition  of  the 
body — unhappy  accidents  will,  no  doubt,  be 
produced ;  and  thefe  accidents  are  but  too 
common  in  .great  towns  where  every  wife  pre- 
caution is  neglected.  An  inftance  of  this  hap- 
pened when  the  ground  of  the  church  of  St. 
Benoit  at  Paris  was  dug  up  a  few  years  ago : 
D  d  4  a  nau- 
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a  naufeous  vapour  was  emitted,  and  feveral 
of  the  neighbours  were  affected  by  it.  The 
earth  which  was  taken  out  of  this  grave  was 
unctuous,  vifcid,  and  emitted  an  infectious  fmell. 
Meffrs.  Maret  and  Navier  have  left  us  feveral 
fimilar  obfervations. 
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ACIDS,  189. 
Acid,   acetous,  III.  270. 
Acid  of  Amber,  III.  2*9. 

Animal,  III.  78S. 

- of  Benzoin,  III.  79. 

~ of  Borax,  270. 

of  Camphor,  III.  67. 

Carbonic,  195. 

Citric,  III.  128. 

of  Fat,  III.  311. 

Fluoric,  44. 

Laftic,  III.  293. 

Malic,  III.  130. 

of  Molybdena,  II.  486. 

— -  Muriatic,  243. 

Oxigenated, 

_  Nitric,  223. 

Nitro-muriatic,  267. 

Oxalic,  III.  113. 

of  Phofphorus,  III.  356. 

Pruflian,  II.  374. 

— —  Pyro-ligneous,  III.  127. 

Pyre-mucilaginous,  III.  225. 

of  Sugar  of  Milk,  III.  296. 

■  Sulphuric,  210. 

of  Tartar,  III.  267. 

— —  of  Tungften,  II,  470. 
Affinity,  23,  etfecj. 
Agate,  II.  iz6. 


Aggregation,  23. 
Air  atmofpheric,  143. 
Air  vital,  115- 
Alabafter,  II.  23. 
Alchemifts,  II.  455. 
Alcohol,  III.  257. 
Alkalis,  17c— 187;  III.  137- 
Alkaline  Gas,  183. 
Aloes,  III.  86. 
Alum,  II.62. 
Alumine,  II.  13. 
Aluminous  Salts,  II.  6. 
Amalgam,  II.  324. 
Amber,  III.  217* 
Amianthus,. II.  84. 
Ammoniac,  181.     Sal,  262. 
Animal  Subftances,  III.  279. 
Antimony,  II.  249. 
Apparatus  Pneumatic,  102. 
Aqua  regia,  267. 
Arbor  Dianae,  II.  434. 
Archil,  III.  153. 
Aroma,  III.  189-. 
Arfenic,  IL  120. 
Afbeftos,  II.82. 
Afphaltes,  III.  116. 
Affa  Foetid  a,  III.  85. 
Attraction,  22. et  feq. 
Aurum  Mufivum,  II.  324. 
Azure,  II.  236. 
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Balances, 
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B. 


Balances,  21. 
Balloon  Air,  in. 
Balfams,  III.  70—77. 
Bark  of  Vegetables,  III.  II. 
Barytes,  It.  10. 
BafalteSjII.  138. 
Benzoin,  III.  77. 
Beryl,  II.  ill. 
Bile,  III.  315. 
Bifmuth,  II.  243. 
Bleaching,  253. 
Blende,  II.  272. 
Blood,  134}  HI-  302. 
Borate  of  Ammoniac,  280. 

of  Potaih,  274. 

. of  Soda,  275. 

Borax  and  its  Acid,  271,  et  fe<jv 
Brandy,  III.  251. 
Brewing,  III.  248. 
Bronze,  II.  401. 
Butter,  III.  301. 


Cacholong,  II.  129. 
Calcedony,  ft.    128. 
Caloric,  65. 
Camphor,  II.  64. 
Cantharides,  III.  381. 
Caoutchouc,  III.87. 
Carbone,  97- 
Carbonate  of- Ammoniac,  208. 

of  Potafh,  205. 

of  Soda,  207. 


, . .  of  Lime,  II.  16. 

Carnelian,  II.  130. 
Caffava,  III  98. 
Caftoreum,  111.  371- 
Cat'sEye,  II.  128. 
Charcoal,  97;  HI.  ifrS- 
Cheefe,  III.  299. 
Chemiltry,  r. 
Chryfolite,  II.  II I, 
Chryfoprafe,  II.  144* 
Cinnabar,  II.  422. 
Clav,  15. 
Cobalt,  II.  23}. 
Copper,  II.  383- 
Cream,  III.  30** 
Crucible's,  13. 
Cryftal,  II.  116. 
Cryftalliiation,  33,  et  fc<j. 


Diamond,  it.  170. 
Digeftion,  III.  285. 
Diftilling,  11. 
Dyeing,  Arts  of,  III.  140. 


Eagle  Stone,  II.  340. 
Earth,  II.  I. 
Earth,  Calcareous,  II.  9. 
* Ponderous,  II.  10. 

Magnefian,  II.  iz. 

Aluminous,  II,  13. 

Siliceous,  II.  15. 

Egg,  III.  300.  379. 
Elaftic  Gum,  III.  87. 
Elements.  62. 
Emerald,  II.  in. 
Ether,  III.  258. 
Ethiops  Martial,  II.  36Z. 
Evaporation,  7. 

F. 

Fat,  III.  3°9* 

Fayence,  II.  90. 

Fecula,  III.  tf. 

Feld  Spar,  II.  146. 

Fermentation,  III.  239,  268,  27$* 

Fire,  6%  et  fecj. 

Flefh,  III.  322, 

Flints,  II.  124. 

Fluate  of  Lime,  II.  42. 

Fluor  Spar,  II.  42. 

Fulminating  Silver,  II  43s' 

: Gold,  II.  45  '->. 

Furnaces,  3,  et  feq. 
Eufible  Spar,  II.42. 

G. 

Galena,  II.  294. 

Garnets,  II.    10S. 

Gafes,  99. 

Gaftric  Juice,  III.  zS;. 

Ceology,  II.  177. 

Girafol,  II.    128. 

Glafs,  II.  130. 

Gluten,  Vegetable;  III.  jcj> 

Glue,  III;  326. 

Gold, 
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Gold,  II.  439. 
Gums,  III.  38. 
Gum  Gutta,  III.  85. 

Gunpowder,  252. 
Gypfum,  II.  36. 

H. 

Heat,  65,  et  feq. 
Hematites,  II.  74. 
Hepatic  Stont,  II.  75. 
Honey,  III.  165. 
Horn  Stone,  II.  97* 
Hyacinth,  II.  ico. 
Hydrogenous  Gas,  105. 
Hydrophanes,  II.  130. 

I. 

Jafper,  II.  131. 
jelly,  III.  323. 
Jet,  III  2^3. 
Indigo,  III.  147. 
Iron,  II.  326. 
lfio|hfs,  III.  327. 


K. 

Kaolin,  94. 
Kermes,  III.  386. 


Labdanum,  III.  75- 

Laboratory,  2. 

Lac,  III.  587- 

Lapis  Lazuli,  It.  144. 

Lapis  Infernalis,IL  433. 

Lava, II.  137- 

Lead,  11.  zc3. 

Light,  Ss  ;  1H.  33. 

Lime,  11.  u. 

Liquorice,  III.  205. 

Lithology,  II.  i.etfeq. 

Luna  Cornea,  II.  435. 

Lutes,  15. 

M. 

MagneGa,,  II.  12. 
Mjguefian  Salts,  II.  55. 


Magnet,  II.  3 3 *• 
Manganefe,II.  280, 
Manna,  III.  177- 
Marble,  II.  22. 
Maftic,  III.  74-      1TT 
Mecca,  Balfam of,  HI.  70. 

Mercury,  II.  4°4- 
Mercurius,  Dulcis,  II.  421. 
Metals,  II.  197. 
Mica,  11.95- 
Milk,  III.  289. 
Mines,  II.  201. 
Molybdena,  II.  481. 
Mongolfier,  i*i. 
Mortar,  II.  33- 
Mountain  Cork,  II.  82,  83. 
Mucilage,  III.  36.  _ 
Muriate  of  Ammoniac,  26*> 

of  Potato,  255. 

. of  Soda,  256. 

—  of  Lime,  II.  48. 

Mufk,  III.  373* 

N. 

Naptha,  III.  214. 

Nickel,  II.240. 

Nitrate  of  Ammoniac,  242 , , 

of  Potato,  223. 

of  Soda,  241. 

of  Lime,  II.  47. 

Nitrogene  Gas,  140. 
Nitro-mariatic  Acid,  267. 
Nitrous  Gas,  229. 

O. 

OculusMundi,  II.  130. 
Oils,  III.  41. 
Olibanum,  III.  83. 
Opal,  II.  127. 
Opium,  III.  177. 
Orpiment,  II.  225. 
Oxigenous  Gas,  115  ;  III.  185. 
Oxides,  193. 


Perfumes,  III.  193. 
Petroleum,  III.  214. 
Petrofilex,  II.  125. 
Pewter,  II.  32^. 


Phtf- 


T2 
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Phofphare    of  Lime,  II.  49  ;   va- 
rious, III  341. 
Phofphoric  Gas.  III. 
Phofphorus,  III.  5^0. 
Pit-Coal,  III.  209. 
Pitch,  III.  73, 
Plafter  Stone,  II.  36". 
Platina,  II.  458. 
Plumbago,  II.  342. 
Pollen,  III.  160. 
Ponderous  Earth,  II.  10. 
Porcelain,  II  92. 
Porphvry,  II.  163. 
Pottery,  II  88. 
Pot  Stone.  1 1.  79. 
Powder,  Fulminating,  241. 
Precipitate,  3c. 
Pruffian  Blue,  II.  360. 
Putrefaction,  III.  273    595. 
Pyrites,  113. 
Pyrometer  of  Wedgwood,  69. 


0^ 

Quartz,  II.  116.  122. 


Realgar,  II.  225, 
Receivers,  12. 
Refins,  III.  69. 
Refpiration,  127. 
Retorts,  9. 
Ruby,  II.  107. 


s. 

Sago,  III.  99. 
Sandarach,  III.  75. 
Sal  Ammoniac,  262, 
Salt,  Common,  257. 
Salt  Petre,  256. 
Sapphire,  II.  114.  . 
Scammony-  III.  83, 
Schorles,  II.  132. 
Sdenite,  II.   36. 
Serpentine,  II.  8c. 
Serum,  III    305. 
Siderite,  II.  ?6o. 
Silex,  II.   15- 
Silver,  II    425. 


Size,  III.  32 S. 

Slate.  II.  99.  • 

Smalt,  11.  237. 

Soap,  III.  53. 

Soap  Stone,  II.  79. 

Soil,  III.  28. 

Solution,  43. 

Soup,  IIT.  324. 

Spar,  Ponderous,  II.  51. 

Spermaceti   III.  377. 

Starch,  HI.  101. 

Steatites,  II.  79. 

Steel,  II.  357. 

Stone,  II.  i  i  of  the  Bladder,  III. 

3  >'• 
Sublimate,  Corrofive,  II.  417. 
Sublimation,  9. 
Sugar,  III.  ic8. 
Sulphate  of  Ammoniac>  2Zi. 

— of  Potafh,  217. 

of  Soda,  219. 

of  Lime,  II.  36. 

Sulphur,  90.  21?. 
Swme  Stone,  II.  73. 

TV 

Talc,  II.  77- 
Tartar,  III.  264. 
Tin.  II.  31 1. 

Tinning  of  Copper,  II.  40  J- 
Topaz,  II.  109. 
Tourmalin,  II.  134. 
Trapp,  II.  143. 
Trompe,  II  213. 
Tungiten,  II.  468. 
Turnfole,  189. 

U. 

Ultramarine,  II.  145. 
Urine,  III.  534. 

V. 

Varnifh,lII.9i. 
Vegetables,  III.  1. 
Vermilion,  II,  422. 
Veffels  Chemical,  4,  et  fe<j.' 
Vinegar,  III.  269. 
Violets,  Syrup  of,  19  x. 
Vital  Air,  115. 
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^olcanic  Produ&s,  II.  137. 
Volcanos,  III.  Z2I. 


W. 

Water,  its  Compofition,  143,  167  j 

III.  22. 
Waters,  Mineral,  28T. 
Wax,  III.  163.166. 


Wolfram,  II.  475. 

Wofd,  III.  15. 

W«ulfe,  his  Apparatus,  17. 

Z. 


Zaffre,  11.2^6. 
Zeolite,  II.  104. 
Zinc,  II.  27c 
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